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THE ROTATION OF JUPITER. 





PERCIVAL LOWELL. 





FOR POPULAR ASTRONOMY. 


The accompanying two plates taken by Mr. V. M. Slipher of 
this Observatory are photographs of the spectrum of the planet 
Jupiter flanked by the comparison spectra of our Moon. The one, 
No. I, was made by placing the slit parallel to the planet’s equa- 
tor; the other, No. II, was taken with the slit so turned as to be 
parallel to the planet’s polar axis. If the lines crossing the two 
pictures be compared a distinct difference will be detected between 
them. In II, the lines of the spectrum of Jupiter go straight 
across at right angles to the spectrum’s length and touch the 
corresponding lines of both the comparison spectra; in I, they 
are not straight but slanting and fail to abut at analogous 
points in the comparison spectra on the two sides. This shear of 
the lines marks the planet’s rotation on its axis. At the edge 
where a particle at the equator is coming toward us, owing to 
the rotation, the wave-length is shortened and the dark lines are 
shifted toward the violet end of the spectrum; at the other edge 
where the motion is away from us the wave-length is lengthened 
and the lines are shifted toward the red. In II, where the two 
ends of the lines represent the planet’s poles there is no motion 
toward or from us at either and the lines are straight. That in 
hoth the lines do not quite correspond at their middle points 
with those of the comparison spectra is due to the fact that dur- 
ing the taking we ourselves were moving bodily away from 
the planet, in consequence of the motion of the two bodies in 
their respective orbits. 

SPECTROGRAMS OF JUPITER. 


V. M. SLIPHER 





The two spectrograms reproduced here are the results of some 
photographs of the spectrum of the planet Jupiter made on the 
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Spectrograms of Jupiter. 








night of August 18, with the new spectrograph* attached to the 


twenty-four inch Lowell refractor. The purpose of the photo- 


graphs was to see how clearly the effect of the planet’s diurnal 
rotation is impressed upon the spectrum of its light. 

With this aim in view two photographs were made in such a 
manner that one should receive the maximum effect of rotation 
and the other the minimum effect. Now the Doppler principle 
asserts that when the distance between the source of light and 
the observer is decreasing the light waves are shortened, 7. e., 
shifted toward the violet end of the spectrum; and conversely, 
when this distance is increasing. Applying this to Jupiter: It is 
clear that the planet’s axial rotation shortens the wave-lengths 
of the light coming from the east half of the planet’s apparent 
disk, and lengthens the wave-lengths of that coming from the 
west half. The light from any point of the disk has its wave- 
lengths altered by an amount depending upon and varying as 
the distance of the point from the polar diameter. That is to 
say, by an amount proportional to the magnitude of the line of 
sight component of the velocity of rotation for that point. This 
line of sight component, of course, reaches its maximum in the 
equatorial diameter, and its minimum—which is zero—in the 
polar diameter. 

Accordingly in making Plate I the slit of the spectrograph was 
set parallel to the equatorial diameter of the planet’s image on 
the slit plate, and was carefully held on that diameter through- 
out the exposure in order that only light coming from the 
equator should enter the slit and register on the photographic 
plate. Plate Il was made by rotating the instrument through 
90° and keeping the slit on the polar diameter during the expos- 
ure. The length of the slit was made equal to the diameter of 
Jupiter’s image on the slit plate, and on the completion of the 
exposure to the planet in each case, this length of slit was closed 
by drawing down a metal tongue arranged upon the slit plate 
for this purpose. The telescope was then turned on our Moon, 
the slit length suitably increased, and the spectrum of its light 
photographed above and below that of the planet for compari- 
son purposes. 

The inclination of the planetary lines of Plate I to those in the 
lunar comparison spectrum displays the effect of rotation on the 
spectrum. It is at once evident that the inclination is caused by 
the ends of the lines in the planet’s spectrum being shifted in op- 

* A description of this excellent instrument and the spectroscopic equipment 
of this Observatory will be published presently. 
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posite directions, and that the sum of these displacements,—or 
measures of the inclinations—will, when reduced to velocity in 
the line of sight, give the difference in the velocity for the east 
and west points of the planet’s equator. The displacements for 
ten lines of this plate were measured which gave 30.0 miles per 
second for the difference in velocity for the ends of the lines. 

Since we know the rotation period and diameter of Jupiter we 
have a check on the above value, for it is easy to compute just 
what the difference in velocity should be. Thus the east point of 
the equator of the planet is approaching us with a velocity of 
7% miles per second, while the west point is receding at the 
same rate. However, this difference of 15.5 miles is only about 
half the observed difference. But Jupiter shines not by inherent 
light but by light reflected from our Sun, and, since the light 
reaching us from him has traveled and retraveled sensibly the 
same path—the Sun being nearly in line with us and Jupiter—we 
must take twice the above value in order to have the resulting 
effect of rotation upon the light. Thus the computed value for 
the difference in the velocity for the ends of the lines comes out to 
be nearly 31 miles per second. (To be exact we should reduce 
this by about a tenth of a mile to correct for what Jupiter was 
past opposition and for the slight inclination of his equatorial 
plane to that of the ecliptic). 

It is seen that the measured velocity is somewhat less than 
what theory demands. Accurate measures of the displacements 
were unusually difficult, and the error is rather large. However, 
a discrepancy in this direction might have been expected. For, 
unless the guiding of the telescope was perfect during the expos- 
ure, and unless in measuring the plate the settings of the wire 
were made on the ends of the lines and not some distance from 
the ends—corresponding to points within the limbs—the meas- 
ured velocity should be less than the computed. 

Through the middle of Plate II may be traced the planet’s two 
prominent equatorial bands. The fact that they do not extend 
the full length of the plate is due to the visually corrected objec- 
tive and not to selective absorption of the bands. In case the 
distance from Earth to Jupiter and Jupiter to Sun was changing 
during the obetrvations, this plate should show this by the 
planetary lines being displaced bodily to right or left with refer- 
ence to the corresponding lines in the lunar comparison spectrum. 
This spectrogram was measured and a velocity of recession of 
4.7 miles per second was deduced. This velocity was then 
computed from data in the American Ephemeris and Nautical 
Almanac and was found to be four miles (accurately 3.97). 
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These results, though not displaying the degree of accuracy at- 
tainable in spectrographic work, are nevertheless enough to 
show that the modern spectrograph is efficient in the study of 
planetary rotation periods as well as in general line of sight 
work. 

LOWELL OBSERVATORY, Sept. 29, ’02. 





THE MOTION OF THE GREAT RED SPOT ON JUPITER. 





W. F. DENNING. 





For POPULAR ASTRONOMY 


The accelerated motion of the Great Red Spot, which I referred 
to in PoPpULAR ASTRONOMY for 1901, Noy., p. 488, has been con. 
tinued at an increasing rate during the present year. In the 
spring, when Jupiter was visible as a morning star, the longitude 
of the spot was about 45° but this has decreased rapidly during 
the past summer and autumn so that the longitude is now about 
37°. The following are my estimated transit times of the object 
during the last three months; they were obtained with a 10-inch 
reflector, power 312: 


1902. Transit. Longi- 1902. Transit. Longi- 

G. M. T. tude. G. M. T. tude. 

h m . h m ° 

August 15 10 5&7 4.2.5 September 28 7 © S98 
20 10 3 41.7 October 3 6 28 37.9 

25 9 ; § 39.6 10 7 9 40.2 

September 1 9 50 38.0 15 6 13 37.1 

13 9 48 10.3 22 7 1 37.1 

18 8 56l4 40.5 November 8 6 8 36.9 


The October number of PopuLAr AsTRONOMY contains some 
raluable notes on Jupiter by Professor G. W. Hough whose work 
on this noble planet is greatly appreciated by astronomers on 
this side of the water. His recent results agree very well with 
those obtained in England but there is one remark in his paper 
which requires attention. Professor Hough says, ‘‘From cbser- 
vations made by Gledhill on the red spot in 1869-70 I have de- 
termined a rotation period of 9" 55" 25°.8 whence I infer that the 
cycle in the motion of the spot is a very long one.’ This period 
seems to have been deduced by Professor Hough from transit 
times which he obtained by measuring the position of the ellipse 
(= red spot of later times) on sketches which were far from be- 
ing accurate and extended over only 72 days. There was indeed 
no oceasion to utilize these sketches at all for Mr. Gledhill actu- 
ally observed a number of transits of the object alluded to and 
published a list of the times in the Observatory about 20 years 
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ago. These early observations furnish an important link in the 
history of the great red spot and Mr. Gledhill having recently 
supplied me with full particulars concerning them I subjoin a 
summary in the hope that the data may be thoroughly reduced. 
The mean rotation period of the red spot in about the years 
1869 and 1870 was 9° 55" 3414 according to a number of differ- 
ent observations which I examined for the purpose, and I see no 
reason to think that any correction is required. Mr. Gledhill’s re- 
sults may not be found perfectly accordant with the value just 
stated but they present a very satisfactory agreement when the 
nature of the materials is considered. At the period when Mr. 
Gledhill detected and followed ‘‘the ellipse’ the significance of the 
object was not fully appreciated and the necessity of obtaining its 
exact times of transit was not realized. Hence Mr. Gledhill’s fig- 
ures can only be regarded as approximate but he informs me that 
they are much more correct than the transits derived from his 
sketches which were intended to represent the general aspect of 
the planet rather than the exact position of the details. In 
proof of this we have only to compare the first and last transits 
of ‘‘the ellipse’? as measured by Professor Hough from Gledhill’s 
sketches with the times of transit actually observed by Gledhill: 


Transit Times Derived fransit Times Actually 

by Hough from Sketches Observed by Gledhill, 
> a. = Ss. M. T 
1869, Nov. 14 11 0 10 50 
1870, Jan. 25 9 46 10 O 


There is a total difference of 24 minutes in these transits and 
as the interval comprises 174 rotations the rotation period de- 
duced from Professor Hough’s figures would be about eight sec- 
onds less than the period given by Gledhill’s. As the motion of 
this remarkable object in about 1869-70 is an interesting one I 
trust that the point may be reinvestigated and the best possible 
value derived from existing observations such as they are: 

Instrument employed 91'%-inch refractor by Cooke & Sons, 
power generally used 240. 


GLEDHILL’S OBSERVATIONS IN 1869 AND 1870. 


1869. G. M. T. 
h m 

November 14 10 50 Central. 
16 2 O Nearly in center 
17 9 O Passing off disc 
19 9 45 Central. 
26 10 0 About 1 of its passage across disc. 
26 - 12 30 Passed off W. edge 
28 12 15 About central 
30 13 45 Central 


—_— — 


* See Monthly Notices R. A. S., Vol. LVIII p. 492 and Vol. LIX p. 580. 
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GLEDHILL’s OBSERVATIONS IN 1869 AND 1870.—Continued. 


1869. Ga. 7. 
h m 
December 1 9 40 " 
4 t 
13 G9 3O 
23 S$ OJust past center. 
27 11 O About central. 
28 7 O/Just past center. 
1870. 
January 4 8 OE. end central. 
9 7; o a 
23 8 20 Central. 
25 10 O 
26 5 45 e 
31 6 15 Close to W. edge. 
February 9 6 30 Just past center. 
26 6 20 Central. 
March 29 7 30 Near center. 


BIsHoPpston, Bristol, 1902, November 14. 





THE LEONIDS. 


WILLIAM H. PICKERING, 


For POPULAR ASTRONOMY 


In PopuLaR AsTRONOMY, 1902, X, 8, it was shown that the 
period of the Leonids is not a constant quantity, like that of a 
planet, as has been generally assumed by astronomers, but re- 
sembles more that of a comet in being variable. This varying 
periodicity is illustrated by the accompanying diagram, where 
abscissas and ordinates both represent years, the former reck- 


800 /000 1200 1400 /500 /800 2000 


34 


32 





30 
oning from the Christian era, the latter indicating the mean 
period of the Leonids between successive observations. The ob- 
servations are represented by the short vertical lines, the exact 
dates and average intervening periods being asfollows. For con- 
venience the periods are given in italics: 902, 32.0, 934, 34.0, 
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1002, 33.0, 1101, 33.7, 1202, 32.8, 1366, 33.4, 1533, 34.5, 1602, 
32.0, 1698, 33.7, 1799, 34.0, 1833. 34.0, 1867, 34.0, 1901. It 
will be noted that since 1698 the period has been practically 34 
years. 

The meteoric mass is so elongated that it takes from two to 
three years to pass the intersection of its orbit with that of the 
Earth. Since the terrestrial year is 365.26 days in length, the 
shower must occur six hours later on successive years on that ac- 
count. Since the node is also shifting nearly an hour per year on 
the average, the total retardation per year will be nearly seven 
hours, or rather less than one-third of the circumference of the 
globe. 

This annual retardation was well shown in the showers o 
1832 and 1833, the former being visible in Europe, the latter in 
the United States. Again the shower of 1866 was visible in 
Europe, and that of 1867 in the United States. The great show- 
ers of 931 and 934 were both visible in China, the intermediate 
showers appearing presumably in longitudes 8" and 16'from that 
country, but of them we have no records. 

As was shown in PopuLarR ASTRONOMY 1902, X, 400, the great 
shower of 1901 occurred along and to the south of the thirtieth 
parallel, from Trinidad to California. Observations were made 
at eight stations, including Fort Worth and Phoenix mentioned 
by Mr. Taber, p. 404. At two of these stations (steamer Admiral 
Dewey and Tuape, Mexico) situated near the two ends of the line, 
the meteors came so fast that they could not be counted. We 
thus have no idea where the maximum was situated, nor where 
the shower practically began and ended. We do get the informa- 
tion however, from other records that it was bounded very sharply 
on the north. Since it was not observed in Hawaii that may 
give us a western boundary, but the European stations were 
probably too far to the north to give us any information as to 
the location of the eastern end of the line. 

The shower, therefore, as far as we know it lay between longi- 
tude 4" and 8". During the present year therefore it should have 
appeared between longitudes 11" and 15", or in the Pacific Ocean 
to the southeast of Japan. Since the exact form of the meteoric 
mass is unknown, and its limits are undetermined, it seemed pos- 
sible that we might see the beginning of the shower in America, 
or that the end might be seen in Europe. 

The weather was very unfavorable in Cambridge, the sky being 
either cloudy or hazy most of the time. This fact together with 
the presence of the full Moon reduced the total number of me- 
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teors counted by Mr. Wendell and his party to only five. Of 
these, four were Leonids. The observationslasted from midnight 
to 15" 30™ E. S. T. on the night of November 14, after which 
time it clouded over. The night of the 15th was cloudy through- 
out. 

Although the weather conditions were so unsatisfactory, Mr. 
Wendell concluded that even had they been perfect and the 
Moon out of the way, yet the number of meteors seen would 
have been much less than in 1901. We may therefore conclude 
that if the meteoric mass reached the Earth at all this year it 
must have been to the west of us. 

It is hoped that observations from the western part of the 
country will locate the eastern end of the shower more closely, 
while observations in Japan, China and India may locate the 
western end. 

Until we have a full record of the showers of 1902 and 1903 
and can compare their intensities with that of 1901 it will be im- 
possible to determine the true period of the meteors since 1867, 
but it is clear that it is at least as much as 34 years. 

While it is unsafe to predict much of anything with regard to 
future meteor showers, we may say that the chances are that the 
shower of 1903 will reach its maximum in the vicinity of Arabia 
and the Mediterranean, and that in intensity it will probably not 
surpass the finest exhibit of 1901 and 1902. It does not now 
seem probable that we shall have another shower of great inten- 
sity in the United States before 1935. 

HARVARD OBSERVATORY, Cambridge, 

Nov. 17, 1902. 

Note. Letters recently received from the observers at Tuape, 
Mexico, and Tucson, Arizona state that no conspicuous shower 
was visible at these places this year. Therefore if the shower 
reached the Earth at all this last November, its eastern end must 
have been to the west of these places. 

Dec. 8, 1902. . 





LIQUEFACTION OF GASES AND LOW TEMPERATURES. 


[CONTINUED FROM PAGE 541. ]| 


Liguip HypDROGEN AND HELIUM. 
To the physicist the copious production of liquid air by the 
methods described was of peculiar interest and value as afford- 
ing the means of attacking the far more difficult problem of the 
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liquefaction of hydrogen, and even as encouraging the hope that 
liquid hydrogen might in time be emploved for the liquefaction of 
yet more volatile elements, apart from the importance which 
its liquefaction must hold in the process ef the steady advance 
towards the absolute zero. Hydrogen is an element of especial 
interest, because the study of its properties and chemical rela- 
tions led great chemists like Faraday, Dumas, Daniel, Graham 
and Andrews to entertain the view that if it could ever be 
brought into the state of liquid or solid it would reveal metallic 
characters. Looking to the special chemical relations of the 
combined hydrogen in water, alkaline oxides, acids and salts, 
together with the behavior of these substances on electrolysis, 
we are forced to conclude that hydrogen behaves as the analogue 
of a metal. After the beautiful discovery of Graham _ that 
palladium can absorb some hundreds of times its own volume of 
hydrogen and still retain itslustre and general metallic character, 
the impression that hydrogen was probably a member of the 
metallic group became very general. The only chemist who 
adopted another view was my distinguished predecessor, Profes- 
sor Odling. In his ‘‘Manual of Chemistry,” published in 1861, he 
pointed out that hydrogen has chlorous as well as basic rela- 
tions, and that they are as decided, important and frequent as its 
other relations. From such considerations he arrived at the con- 
clusion that hydrogen is essentially a neutral or intermediate 
body, and therefore we should not expect to find liquid or solid 
hydrogen possess the appearance of a metal. This extraordinary 
prevision, so characteristic of Odling, was proved to be correct 
some thirty-seven years after it was made. Another curious 
anticipation was made by Dumas in a letter addressed to Pictet, 
in which he says that the metal most analogous to hydrogen is 
magnesium and that probably both elements have the same 
atomic volume, so that the density of hydrogen, tor this reason, 
would be about the value elicited by subsequent experiments. 
Later on,in 1872, when Newlands began to arrange the elements 
in periodic groups, he regarded hydrogen as the lowest member 
of the chlorine family; but Mendeléeff in his later classification 
placed hydrogen in the group of the alkaline metals; on the other 
hand, Dr. Johnson Stoney classes hydrogen with the alkaline 
“arth metals and magnesium. From this speculative divergency 
it is clear no definite conclusion could be reached regarding the 
physical properties of liquid or solid hydrogen, and the only way 
to arrive at the truth was to prosecute low temperature research 
until success attended the efforts to produce its liquefaction. 
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This result I definitely obtained in 1898. The case of liquid hy- 
drogen is, in fact, an excellent illustration cf the truth already 
referred to, that no theoretical forecast, however apparently 
justified by analogy, can be finally accepted as true until con- 
firmed by actual experiment. Liquid hydrogen is a colorless, 
transparent body of extraordinary intrinsic interest. It has a 
clearly defined surface, is easily seen, drops well, in spite of the 
fact that its surface tension is only the thirty-fifth part of that of 
water, or about one-fifth that of liquid air, and can be poured 
easily from vessel to vessel. The liquid does not conduct elec- 
tricity, and, it anything, is slightly diamagnetic. Compared 
with an equal volume of liquid air, it requires only one-fifth the 
quantity of heat for vaporization; on the other hand its specific 
heat is ten times that of liquid air or five times that of water. 
The coefficient of expansion of the fluid is remarkable, being 
about ten times that of gas; it is by far the lightest liquid known 
to exist, its density being only one-fourteenth that of water; the 
lightest liquid previously known was liquid marsh gas, which is 
six times heavier. The only solid which has so small density as 
to float upon its surface is a piece of pith wood. It is by far the 
coldest liquid known. At ordinary atmospheric pressure it boils 
at minus 252.5 degrees or 20.5 degrees absolute. The critical 
point of the liquid is about 29 degrees absolute and the critical 
pressure not more than fifteen atmospheres. The vapor of the 
hydrogen arising from the liquid has nearly the density of air— 
that is, it is fourteen times that of the gas at the ordinary tem- 
perature. Reduction of the pressure by an air pump brings 
down the temperature to minus 258 degrees, when the liquid be- 
comes a solid resembling frozen foam, and this by further exhaus- 
tion is cooled to minus 260 degrees, or 13 degrees absolute, 
which is the lowest steady temperature that has been reached. 
The solid may also be got in the form of a clear, transparent ice, 
melting at about 15 degrees absolute, under a pressure of 55mm, 
possessing the unique density of one-eleventh that of water. 
Such cold involves the solidification of every gaseous substance 
but one that is at present definitely known to the chemist, and so 
liquid hydrogen introduces the investigator to a world of solid 
bodies. The contrast between this refrigerating substance and 
liquid air is most remarkable. On the removal of the loose plug 
of cotton-wool used to cover the mouth of the vacuum vessel in 
which it is stored, the action is followed by a miniature snow 
storm of solid air, formed by the freezing of the atmosphere at 
the point where it comes into contact with the cold vapor rising 
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from the liquid. The solid air falls into the vessel and accumu- 
lates as a white snow at the bottom of the liquid hydrogen. 
When the outside of an ordinary test-tube is cooled by immersion 
in the liquid, it is soon observed to fill up with solid air, and if 
the tube be now lifted out a double effect is visible, for liquid air 
is produced both in the inside and on the outside of the tube—in 
the one case by the melting of the solid, and in the other by con- 
densation from the atmosphere. A tuft of cotton-wool soaked in 
the liquid and then held near the pole of a strong magnet is at- 
tracted, and it might be inferred therefrom that liquid hydrogen 
is a magnetic body. This, however, is not the case: the attrac- 
tion is due neither to the cotton-wool nor to the hydrogen— 
which indeed evaporates almost as soon as the tuft is taken out 
of the liquid—but to the oxygen of the air, which is well known 
to be a magnetic body, frozen in the wool by the extreme cold. 
The strong condensing powers of liquid hydrogen afforded a 
simple mgans of producing vacua of very high tenuity. When 
one end of a sealed tube containing ordinary air is placed for a 
short time in the liquid, the contained air accumulates as a solid 
at the bottom, while the higher part is almost entirely deprived 
of particles of gas. So perfect is the vacuum thus formed, that 
the electric discharge can be made tv’ pass only with the greatest 
difheulty. Anothcr important application of liquid air, liquid 
hydrogen, etc., is as analytic agents. Thus, if a gaseous mixture 
be cooled by means of liquid oxygen, only those constituents will 
he left in the gaseous state which are less condensable than oxy- 
gen. Similarly, if this gaseous residue be in its turn cooled in 
liquid hydrogen, a still further separation will be effected, every- 
thing that is less volatile than hydrogen being condensed to a 
liquid or solid. By proceeding in this fashion it has been found 
possible to isolate helium from a mixture in which it is present to 
the extent of only one part in one thousand. By the evapora- 
tion of solid hydrogen under the air-pump we can reach within 
13 or 14 degrees of the zero, but there or thereabouts our prog- 
ress is barred. This gap of 13 degrees might seem at first sight 
insignificant in comparison with the hundreds that have already 
been conquered. But to win one degree low down the scale is 
quite a different matter from doing so at higher temperatures; in 
fact, to annihilate these few remaining degrees would be a far 
greater achievement than any so far accomplished in low temper- 
ature research. For the difficulty is two-fold, having todo partly 
with process and partly with material. The application of the 
methods used in the liquefaction of gases becomes continually 
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harder and more troublesome as the working temperature is re- 
duced; thus, to pass from liquid air to liquid hydrogen—a differ- 
ence of 60 degrees—is from a thermodynamic point of view, as 
difficult as to bridge the gap of 150 degrees that separates liquid 
chlorine and liquid air. By the use of a new liquid gas exceed- 
ing hydrogen in volatility to the same extent as hydrogen does 
nitrogen, the investigator might get to within five degrees of the 
zero; but even a second hypothetical substance, again exceeding 
the first one in volatility to an equal extent, would not suffice to 
bring him quite to the point of his ambition. That the zero will 
ever be reached by man is extremely improbable. A thermome- 
ter introduced into regions outside the uttermost confines of the 
Earth’s atmosphere might approach the absolute zero, provided 
that its parts were highly transparent to all kinds of radiation, 
otherwise it would be affected by the radiation of the Sun, and 
would therefore become heated. But supposing all difficulties to be 
overcome, and the experimenter to be able to reach within a few 
degrees of the zero, it is by no means certain that he would find 
the near approach of the death of matter sometimes pictured. 
Any forecast of the phenomena that would be seen must be based 
on the assumption that there is continuity between the processes 
studied at attainable temperatures and those which take place 
at still lower ones. Is such an assumption justified? It is true 
that many changes in the properties of substances have been 
found to vary steadily with the degree of cold to which they are 
exposed. But it would be rash to take for granted that the 
changes which have been traced in the explored regions continue 
to the same extent and in the same direction in those which are 
as yet unexplored. Of such a breakdown low temperature re 
search has already yielded a direct proof at least in one case. A 
series of experiments with pure metals showed that their electri- 
cal resistance gradually decreases as they are cooled to lower and 
lower temperatures, in such ratio that it appeared probable that 
at the zero of absolute temperature they would have no resistance 
at all and would become perfect conductors of electricity. This 
was the inference that seemed justifiable by observations 
taken at depths of cold which can be obtained by means of liquid 
air and less powerful refrigerants. But with the advent of the 
more powerful refrigerant liquid hydrogen it became necessary to 
revise that conclusion. A discrepancy was first observed when a 
platinum resistance thermometer was tsed to ascertain the tem- 
perature of that liquid boiling under the atmospheric and reduced 
pressure. All known liquids, when forced to evaporate quickly 
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by being placed in the exhausted receiver of an air-pump, undergo 
a reduction in temperature, but when hydrogen was treated in 
this way it appeared to be an exception. The resistance ther- 
mometer showed no reduction as was expected, and it became a 
question whether it was the hydrogen or the thermometer that 
was behaving abnormally. Ultimately, by the adoption of other 
thermometrical appliances, the temperature of the hydrogen was 
proved to be lowered by exhaustion as theory indicated. Hence 
it was the platinum thermometer which had broken down; in 
other words the electrical resistance of the metal employed in its 
construction was not, at temperatures about minus 250° C., de- 
creased by cold in the same proportion as at temperatures about 
minus 200°. This being the case, there is no longer any reason 
to suppose that at the absolute zero platinum would become a 
perfect conductor of electricity; and in view of the similarity be- 
tween the behavior of platinum and that of other pure metals in 
respect of temperature and conductivity, the presumption is that 
the same is true of them also. At any rate, the knowledge that 
in the case of at least one property of matter we have succeeded 
in attaining a depth of cold sufficient to bring about unexpected 
change in the law expressing the variation of that property 
with temperature, is sufficient to show the necessity for extreme 
caution in extending our inferences regarding the properties of 
matter near the zero of temperature. Lord Kelvin evidently an- 
ticipates the possibility of more remarkable electrical properties 
being met with inthe metals near the zero. A theoretical investi- 
gation of the relation of *‘electrions’’ and atoms has led him to 
suggest a hypothetical metal having the following remarkable 
properties: below 1 degree absolute it is a perfect insulator of 
electricity, at 2 degrees it shows noticeable conductivity, and at 
6 degrees it possesses high conductivity. It may safely be pre- 
dicted that liquid hydrogen will be the means by which many ob- 
scure problems of physics and chemistry will ultimately be solved 
so that the liquefaction of the last of the old permanent gases is 
as pregnant now with future consequences of great scientific 
moment as was the liquefaction of chlorine in the early years of 
the last century. 

The next step towards the absolute zero is to find another gas 
more volatile than hydrogen, and that we possess in the gas oc- 
curring in cleveite, identified by Ramsay as helium,a gas which is 
widely distributed, like hydrogen, in the Sun, stars andnebula. A 
specimen of this gas was subjected by Olszewski to liquid air 
temperatures, combined with compression and subsequent ex- 
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pansion, following the Cailletet method, and resulted in his being 
unable to discover any appearance of liquefaction, even in the 
form of mist. His experiments led him to infer that the boiling 
point of the substance is probably below 9 degrees absolute. 
After Lord Rayleigh had found a new source of helium in the 
gases which are derived from the Bath springs, and liquid hydro- 
gen became available as a cooling agent, a specimen of helium 
cooled in liquid hydrogen showed the formation of fluid, but this 
turned out to be owing to the presence of an unknown ad- 
mixture of other gases. As a matter of fact, a year before the 
date of the experiment I had recorded indications of the presence 
of unknown gases in the spectrum of helium derived from this 
source. When subsequently such condensable constituents were 
removed, the purified helium showed no signs of liquefaction, 
even when compressed to 80 atmospheres, while the tube con- 
taining it was surrounded with solid hydrogen. Further, on 
suddenly expanding, no instaneous mist appeared. Thus helium 
was definitely proved to be a much more volatile substance than 
hydrogen in either the liquid or solid condition. The inference to 
be drawn from the adiabatic expansion effected under the circum- 
stances is that helium must have touched a temperature of from 
9 to 10 degrees for a short time without showing any signs of 
liquefaction, and consequently that the critical point must be 
still lower. This would force us to anticipate that the boiling 
point of the liquid will be about 5 degrees absolute, or liquid 
helium will be four times more volatile than liquid hydrogen, just 
as liquid hydrogen is four times more volatile than liquid air. 
Although the liquefaction of the gas is a problem for the future, 
this does not prevent us from safely anticipating some of the 
properties of the fluid body. It would be twice as dense as liquid 
hydrogen, with a critical pressure of only 4 or 5 atmospheres. 
The liquid would possess a very feeble surface-tension, and its 
compressibility and expansibility would be about four times that 
of liquid hydrogen, while the heat required to vaporize the mole- 
cule would be about one-fourth that of liquid hydrogen. Heat- 
ing the liquid 1 degree above its boiling point would raise the 
pressure by 1%4 atmospheres, which is more than four times the 
increment for liquid hydrogen. The liquid would be only seven- 
teen times denser than its vapor, whereas liquid hydrogen is 
sixty-five times denser than the gas it gives off. Only some 3 or 
4 degrees would separate the critical temperature from the boil- 
ing point and the melting point, whereas in liquid hydrogen the 
separation is respectively 10 to 15 degrees. As the liquid refrac- 
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tivities for oxygen, nitrogen and hydrogen are closely propor. 
tional to the gaseous values, and as Lord Rayleigh has shown 
that helium has only one-fourth the refractivity of hydrogen, 
although it is twice as dense, we must infer that the refractivity 
of liquid helium would also be about one-fourth that of liquid 
hydrogen. Now hydrogen has the smallest refractivity of any 
known liquid, and yet liquid helium will have only about one- 
fourth of this value—comparable, in fact, with liquid hydrogen 
just below its critical point. This means that the liquid will 
be quite exceptional in its optional properties, and very difficult 
to see. This may be the explanation of why no mist has been 
seen on its adiabatic expansion from the lowest temperatures. 
Taking all these remarkable properties of the liquid into consid- 
eration, one is afraid to predict that we are at present able to 
cope with the difficulties involved in its production and collection. 
Provided the critical point is, however, not below 8 degrees ab- 
solute, then from the knowledge of the conditions that are suc- 
cessful in producing a change of state in hydrogen through the 
use of liquid air, we may safely predict that helium can be lique- 
fied by following similar methods. If, however, the critical point 
is as low as 6 degrees absolute, then it would be almost hopeless 
to anticipate success by adopting the process that works so well 
with hydrogen. The present anticipation is that the gas will 
succumb after being subjected to this process, only, instead of 
liquid air under exhaustion being used as the primary cooling 
agent, liquid hydrogen evaporating under similar circumstances 
must be employed. In this case, the resulting liquid would re- 
quire to be collected in a vacuum vessel the outer walls of which 
are immersed in liquid hydroden. The practical difficulties and 
the cost of the operation will be very great; but, on the other 
hand, the descent to a temperature within 5 degrees of the zero 
would open out new vistas of scientific inquiry, which would 
add immensely to our knowledge of the properties of matter. 
To command in our laboratories a temperature which would 
be equivalent to that which a comet might reach at an infinite 
distance from the Sun would indeed be a great triumph for 
science. If the present Royal Institution attack on helium should 
fail, then we must ultimately succeed by adopting a process 
based on the mechanical production of cold through the per- 
formance of external work. When a turbine can be worked by 
compressed helium, the whole of the mechanism and circuits be- 
ing kept surrounded with liquid hydrogen, then we need hardly 


doubt that the liquefaction will be effected. In all probability 
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gases other than helium will be discovered of greater volatility 
than hydrogen. It was at the British Association Meeting in 
1896 that I made the first suggestion of the probable existence 
of an unknown element which would be found to fill up the gap 
between argon and helium, and this anticipation was soon taken 
up by others and ultimately confirmed. Later, in the Bakerian 
Lecture for 1901, I was led to infer that another member of the 
helium group might exist having the atomic weight about 2, and 
this would give us a gas still more volatile, with which the ab- 
solute zero might be still more nearly approached. It is to be 
hoped that some such element or elements may yet be isolated 
and identified as coronium or nebulium. If amongst the un- 
known gases possessing a very low critical point some have a 
high critical pressure instead of a low one, which ordinary ex- 
perience would lead us to anticipate, then such difficultly liquefia- 
ble gases would produce fluids having different physical proper- 
ties from any of those with which we are acquainted. Again 
gases may exist having smaller atomic weights and densities 
than hydrogen, yet all such gases must, according to our present 
views of the gaseous state, be capable of liquefaction before the 
zero ot temperature is reached. The chemists of the future will 
find ample scope for investigation within the apparently limited 
range of temperature which separates solid hydrogen from the 
zero. Indeed, great as is the sentimental interest attached to the 
liquefaction of these refractory gases, the importance of the 
achievement lies rather in the fact that it opens out new fields of 
research and enormously widens the horizon of physical science, 
enabling the natural philosopher to study the properties and be- 
havior of matter under entirely novel conditions. This depart- 
ment of the inquiry is as yet only in its infancy, but speedy and 
extensive developments may be looked for, since within recent 
years several special cryogenic laboratories have been established 
for the prosecution of such researches, and a liquid air plant is 
becoming a common adjunct to the equipment of the ordinary 
laboratory. 





THE IDEAL DARK ROOM. 

The best example we ever saw of how things might be done, 
when thought and contrivance were cleverly directed on the sub- 
ject was the dark room of a most energetic and enthusiastic 
voung photographer, who has just sailed for South Africa, with 
the intention of establishing a high-class studio in the Transvaal. 





















The Ideal Dark Room. 


It was a perfect model of the ingenious adaptation of every 
means and detail to the one end of producing good work with 
comfort and facility. Our friend had selected a fairly large room 
for the purpose, having as he averred a strong dislike to the 
‘condemned cell’? system of development. A large window of 
ruby glass provided the necessary illumination, which was art1- 
ficial and proceeded from outside. Incandescent gas burners 
were used, and sufficed to give a bright and cheerful, but perfectly 
safe light all over the room. The plan of having them outside 
had, of course, the advantage of not taking away any of the 
interior air, and thus materially adding to the freshness and cool- 
ness of the room. The amount of light, it should be said, was 
regulated from inside. Our friend preferred as much as possible, 
which he quite correctly maintained was free from any risk if the 
plates were not held too near nor left uncovered too long. 

The developing bench, which ran along one side of the room, 
was novel in construction. The upper part or shelf consisted of 
a number of round parallel wooden bars placed at about a quar- 
ter of an inch apart, so that all drippings and splashings would 
run down the spaces between, and yet sufficiently close to form 
practically a solid bench. These bars or rods were treated with 
a waterproof varnish or preservative of some kind, as indeed 
was all the woodwork in the room at all liable to contact with 
water or chemicals. Another new departure was in the sink, 
which instead of being, as usual, on a level with the bench, was 
placed on the ground, being formed in reality of a flooring of 
white enamelled tiles, the width of the bench, and sloping slightly 
inward towards the drainage openings. The outer edge of this 
novel sink consisted of a margin of glazed bricks, about six 
inches high, running the length of the room. The whole, in fact, 
reminded one in principle of the modern art tile and stone sub- 
stitutes for fenders that help to beautify many of our up-to-date 
drawing rooms. The water supply was liberal and the taps 
numerous, each one provided with a rose to minimize splashing. 
The pipes supplying the taps were encased in felt to secure a more 
equable temperature in winter, another aid to which was to be 
noted in the fact that the hot air pipes which warmed the dark 
room at that season were carried at a short distance below the 
water pipes. Truly a model arrangement! We were informed 
that very little trouble was found in developing satisfactorily 
even on the coldest days. A point about the developing bench 
which we must not omit to notice was its unusually low height. 
Inquiry elicited the fact that this original worker preferred doing 
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most of his work sitting down, a position of comfort to which 
his ingenuity and resource certainly seemed to entitle him. At 
one end of the room was noticeable a rocking shelf, capable of 
holding perhaps a dozen whole-plate dishes, and kept in motion 
by a simple clock-work contrivance. 

It goes without saying that so well regulated a dark room was 
amply provided in the matter of shelves and cupboards. The 
chemicals, measures and solutions required for immediate use 
were kept on a handy and accessible shelf just above the bench, 
stock solutions and larger bottles and jars being relegated to a 
higher level. Instead of labels, each bottle had a square portion 
of its surface ground, and the contents written thereon in water- 
proof ink. Everything was most symmetrically grouped, also 
according to its chemical composition or the purpose for which 
it was intended. 

On the opposite side of the room were situated the drying cup- 
boards for plates, films, and prints; an arrangement in which our 
friend pardonably took some pride. The shelves of these cup- 
boards were arranged at different distances, and grooved top and 
bottom to take different sized plates. A thoroughly efficient cur- 
rent of air for rapid drying was secured by ventilators communi- 
cating outside, and prevented from carrying dust by muslin 
screens in front.. The doors, it should be said, were practically 
air tight, and the whole treated with several coats of enamel 
paint. The cleanliness and practicability of this system scarcely 
needs pointing out. Drying boards were also reserved for films 
and prints. The ventilators were not only dust tight, but like- 
wise prevented from admitting light, and the cupboard was oc- 
‘asionally useful, therefore, for dry-plate manufacturing purposes 
—a thing, however, which its owner rarely cared to meddle with. 

The operations connected with the making of enlargements 
were well provided for, a good enlarging camera being one of the 
features of the place. Our friend distinctly preferred to use arti- 
ficial light for this purpose, and we noted that again the lantern 
and source of illumination were placed outside the dark room, 
the camera and easel being placed within. Heat and stuffiness 
were, evidently, to be rigorously banished. Near the ceiling, and 
stretching tightly from wall to wall, were numerous waxed 
cords, for the suspension of enlargements during the period of 
drying, which, owing to the admirable system of ventilation, 
took place rapidly. A few remarks on the more purely architec- 
tural details of this ideal dark-room may help to complete the 


general impression. The flooring was of some hard wood 
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naturally polished; the walls and ceiling were whitewashed. 
There was nothing special about the actual framework of the 
room, for it was not one that had been originally designed for 
photographic purposes. Its owner, indeed, expressed some sat- 
isfaction that, in his coming tropical field of action, he would be 
able to start entirely de novo in a building of his own design and 
construction, when he would be able to put into practice sundry 
ideas as to the best way of erecting walls, with a view to secur- 
ing equable temperature all the year round. 

We have here a sufficiently literal and prosaic presentment of 
what may be, and actually has been accomplished in the direc- 
tion of the perfect dark room, and the contrast between such a 
one as that just described and the average apartment that satis- 
fies most of us may well form fruit for meditation. True as it 
undoubtedly is, that satisfactory and excellent work may be 
readily produced with a minimum of those labor-saving and 
comfort-giving conditions that we have shown are at all‘events 
within our reach, it requires but little reflection to see that the 
possibilities and potentialities of photographic achievement 
must be added to materially where what was once a task is 
made almost a luxury. There is still far too much that is old 
fashioned and behind the times in our working methods and sur- 
roundings, and anything that can shake us for a moment out of 
a rooted habit of easy-going complacency, and lead us to the 
conviction that there may be other and better ways than our 
own, admirable though they may be, is to be weleomed as aiding 
the universal movement of progress that in the end benefits 
everyone. 

British Journal of Photography, 

October 17, 1902. 





PLANETARY OBSERVATION. 
W. F. DENNING. F. R. A. S 


Planetary observation admittedly forms one of the most at- 
tractive and interesting departments of astronomical work. 
We refer particularly to the study of the outline, velocity, color 
and change in surface markings. Investigations of this charac- 
ter come specially within the province of amateurs, and are likely 
to afford some useful evidence respecting the physical condition 
of the Earth’s companion orbs. Other fields of planetary obser- 
vation, such as that involving exact determinations of position 
or diameter, may be suitably left to the professional astronomer, 
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who is generally better provided with the appliances necessary 
for researches of this kind. 

Of recent years the study of the surface configuration of the 
planets has greatly increased, but it has been chiefly directed to 
the canaliform aspect of Martian scenery or to the variations in 
the belted and spotted envelope of Jupiter. Other objects appear 
to have been less productive, and as a matter of fact difficulties 
of no ordinary kind are attendant upon their observation. 
Mercury presents a very small disc, and is too near the Sun to be 
wellseen. Venus is too brilliant for good definition on a dark 
sky; her landscape is curtained by a highly reflective atmosphere, 
which merely exhibits faint differences in tone. Saturn is always 
picturesque and belted like Jupiter, but smaller and fainter, and 
his atmospheric surroundings seem rarely liable to conspicuous 
disturbances of similar intensity to those apparent on the ‘‘giant 
planet.”” Mercury is probably involved in a vaporous envelope 
of decidedly less intensity than that which shrouds Venus, and 
but for his smaller dimensions and circumsolar position would 
undoubtedly afford some curious features for the telescopic ob- 
server. Both the intra-terrestrial planets, Mercury and Venus 
eminently deserve further study if for no’other reason than that 
their rotation periods require to be definitely and conclusively 
ascertained. Saturn also needs additional scrutiny, so that the ir- 
regularities and spots which occasionally disturb the uniformity 
of his aspect may be suitably recorded and the adopted period of 
his rotation (10% hours) tested on new material. No doubt his 
disc displays a series of currents differing slightly in their mo- 
tion, as on Jupiter, for it is highly probable that the phenomena 
affecting these large planets are somewhat analogous, and, in- 
deed, this is sufficiently evident by the belted aspect of their sur- 
laces. 

Our purpose here is, however, to speak generally on the subject 
of planetary observation, rather than to discuss individual ob- 
jects. Perhaps it is unfortunate that no other branch of astron- 
omy has furnished such anomalies and so many discordant and 
sensational results as this. Delicate planetary details, lying on 
the borderland of the seen and the unseen, disturbed by the 
commotions of our atmosphere, and sometimes distorted by im- 
pertect instruments, must naturally often induce erroneous con- 
ceptions amongst untrained observers. And, indeed, it seems 
manifest that experienced eyes are not always blameless. The 
ardent effort to discern as much as possible, the spirit of rivalry, 
ind the desire for novelties are, perhaps, often responsible in 
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leading a man astray; for anyone, nowadays, who cannot sec 
double canals on Mars and Mercury, and Venus striped with 
dusky lineaments of complicated nature, is not considered at all 
fashionable! But there is a grave responsibility upon the ob- 
server who reports his seeings to the world. He must be scrupu- 
lously conscientious, and should describe no feature which he 
cannot certainly distinguish and of the objective existence ot 
which he is not perfectly well assured. And when features ar 
seen they should be closely followed, be they old or new, so that 
their rate of motion, duration of existence and possible changes 
of form or size may be derived from sufficient evidence. In past 
years planetary observation was too disconnected and discursive 
to be really valuable, for many of the earlier observers did not 
appear to realize the great importance of sedulously tracing out 
as far as their powers and opportunities permitted—the life his- 
tory of features once detected. Hooke saw a great spot on 
Jupiter on May 9, 1664, but seems to have quite let it go, and it 
was fortunate that Cassini afterwards alighted upon the object, 
saw its significance, and followed its variable career in subse- 
quent years. Dawes figured an object in November, 1857, which 
seems to have been the precursor of the red spot of more recent 
times, and had he watched it on later occasions we should prob 





connecting the present marking with that seen nearly half a cen- 
tury ago. But it is satisfactory to note that the value of con 
tinuous observations has been realized of late years. For in 
stance, the endeavor is made at every opposition of Jupiter to 
determine the relative velocities of his longitudinal currents, and 
the identification of certain markings from year to year is suc- 
cessfully attempted. In reference to Mars, the study. of his linea 
ments is also pursued both at favorable and unfavorable opposi 
tions. Itis the accumulation and comparison of records of this 
sort that will ultimately untold a more satisfactory explanation 
of the physical state and changes operating upon the surtaces of 
these planets. 

To conclude, we would reiterate the fact that nothing should 
be reported which is not certainly seen, and that all details must 
be perseveringly studied as often and over as long a period as 
possible. And it is palpable that Mercury, Venus and Saturn 
severally require much further attention, for they offer a promis- 
ing field for the energetic and discriminating observer who will 
await good opportunities, fully utilize them and overcome the 
difficulties which stand in his way. 
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As to the particular form and aperture of telescope best 
adapted for work in this field no precise directions are essential, 
for the selection of a suitable instrument must be left to the taste 
and means of the observer. It is certain that either refractor or 
reflector is capable of affording excellent views of planetary de- 
tail, and will perform satisfactorily in good hands. Possibly an 
object glass of very fine quality will ordinarily possess a slight 
advantage as regards definition overa mirror, but the far greater 
convenience experienced in working with a reflector compensates 
for any little shortcoming in another respect. The observer must 
however, rely upon his own ability rather than upon the particu- 
lar form or capacity of his appliances, for after all, the measure 
of his success will be determined by the quality of his own eye 
and’ judgment and not by the power of his telescope, which is 
only a secondary consideration. 

Knowledge Diary, 1903. 


LARGE REFRACTING TELESCOPE FOR AMHERST COL- 
LEGE OBSERVATORY. 





WM. W. PAYNE. 


We have recently learned from Manager W. L. Watts of the 
Alvan Clark and Sons Corporation that the contract for a new 
18-inch lens for Amherst College has been signed so the new Ob- 
servatory seems to be an assured fact. The following clipping 
from the “Transcript'’ of Nov. 21, 1902 is given us for fuller in- 
formation: 

“What will be the largest object-glass in New England and one 
of the largest in the country will shortly be begun at the labora- 
tory of the Alvan Clark & Sons Corporation at Cambridgeport, 
for the new Observatory at Amherst College. The objective will 
have a clear aperture of eighteen inches with focal length of 
about twenty-five feet. The two disks, crown and flint, made by 
Mantois of Paris, are already in the hands of the opticians, who 
state that some fifteen months will be required to complete the 
work. The glass will be figured by Mr. C. A. R. Lundin. The 
present Amherst Observatory is already equipped with a 714-inch 
objective, made by the elder Clark in 1853. It was one of the 
earliest figured by him. The glass is very clear, and in excellent 
condition, and on completion of the new Observatory will occupy 
one of the two smaller domes. 

“This new Observatory has been the cherished hope of Profes- 
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sor Todd, head of Amherst’s astronomical department, for 


twenty years, but it was only two years ago that the movement 
which has culminated so successfully was inaugurated by the 
gift of $25,000 by an anonymous friend of the college. The con- 
dition was that a like sum be raised within a year. At the ex- 
piration of the time set the amount was not complete, and was 
made up by pledges of certain individuals, while the whole mat- 
ter was placed in the hands of a certain committee of the trus- 
tees, of which George A. Plimpton, ’76, was chairman. The full 
amount has now been raised, and the success of the project is as- 
sured. 

‘The material for the new Observatory will be stone and brick. 
The building will probably be placed on the high ground adjoin- 
ing Professor Todd’s residence, known as the Observatory House, 
which was presented to the college by Charles T. Wilder. For 
the present the central dome and the eastern wing alone will 
probably be built, but before the building is completed, Professor 
Todd may be able to secure funds to fill out the plan and erect 
the western wing. The central dome, containing the new instru- 
ment, will be thirty-three feet in diameter, and each of the smaller 
domes seventeen feet 
gon.” 





the size of the present dome in the “ octa- 
There will be mounts for two transit instruments, one for 
the use of students, and the other, a larger one, for the professor. 
The small dome and telescope as well will be devoted to student 
purposes and used for making independent observations. 
Ground will be broken for the new building early next spring, 
and meteorological observations which have been conducted con- 
tinuously at Amherst since 1835 will be kept up without inter- 
ruption. 

“During the period of its existence the department of astronomy 
in Amherst College has had three professors: Professor E. S. 
Snell, 1821-1876; Professor W. C. Esty, 1876-1881, and the 
present professor, Davia P. Todd. 


Professor Todd was gradu- 
ated from Amherst in 1875. 


During his student days he began a 
twelve years’ cycle of observations on Jupiter’s satellites, which 
he completed afterwards in Washington. Soon after graduating 
he was appointed assistant to the United States Transit of Venus 
Commission and three years later was sent by the Government 
to Dallas, Tex., to observe the solar eclipse. In 1881 he accepted 
the chair of Astronomy in Amherst College. The following year 
he conducted the observation of the transit of Venus at the Lick 
Observatory in California. In 1887 he took charge of the solar 
eclipse expedition to Japan, and in 1889-90 was the chief of the 
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Government eclipse expedition to West Africa. In 1896 he directed 
the Amherst College eclipse expedition to Japan and has since 
conducted two expeditions, one to northern Africa in 1900, and 
another to the Dutch East Indies in 1901. He is a member of 
several philosophical and scientific associations both in this 
country and in Europe, and has published more than a hundred 
scientific papers and treatises. 

“The eighteen-inch glass for Amherst will be the third large ob- 
jective undertaken by the Alvan Clark & Sons Corporation 
within a few months, it having now in hand a sixteen-inch re- 
fractor tor the University of Cincinnati, and a twenty-four-inch 
reflector for Harvard College which will ultimately go to their 
Peru station.” 





PREDICTION REGARDING PROJECTIONS ON THE TER- 
MINATOR OF MARS. 


A. E. DOUGLASS. 


FoR POPULAR ASTRONOMY. 


In June 1901, I made a study of the projections on the termin- 
ator of Mars and concluded that the next two periods when 
projections could reasonably be expected in large numbers will be 
from January 1 to 31, 1903,in the northern hemisphere and from 
June 15 to August 15, 1909 in the southern hemisphere. 

The basis for this prediction was as follows. In the opposi- 
tions since 1892 when projections were first seen, they have been 
by far most numerous at the time of the most rapid melting of 
the polarcap. This occurs at times in the Martian year which 
correspond to our months of May and November. Furthermore, 
in order that the projections may be visible to us, these months 
must occur, first, at a time when Mars exhibits a large phase, 
ahd second, at a time when Mars is sufficiently near us to render 
such small objects visible, namely, near opposition. And lastly, as 
a final condition, the phase must be before opposition on the sun- 
set limb and not after opposition on the sunrise limb, for, if these 
projections are clouds, which seems to me the unquestionable ex- 
planation, they fall to lower elevations during the night, or dis- 
appear, and so cannot be expected to appear on the sunrise 
terminator in anything like the quantity that they exhibit on the 
sunset terminator. The required phase occurs from two to four 
months before opposition in favorable oppositions (which give 
us projections in the southern hemisphere) and probably from 
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two to three months before the unfavorable oppositions (which 
are expected to give us projections in the northern hemisphere). 

The problem, therefore, resolves itself to this question: When 
will the Martian month of November occur, between two and 
four months before opposition or the Martian month of May 
between two and three months before opposition? To answer 
this question it is only necessary to compare the dates of oppo- 
sition with a list of the times when Mars is as far past its equi- 
noxes in heliocentric longitude, as the Earth is during its months 
of November and May, in the same longitude. This gives us the 
dates mentioned at the beginning of this article, namely, January 
1 to 31, 1903, for the northern hemisphere and from June 15 to 
August 15, 1909, for the southern hemisphere, for the maximum 
occurrence of projections. 

FLAGSTAFF, Arizona, Dec. 3, 1902. 


PHOTOGRAPHIC ATLAS OF THE MOON BY M. M. LOEWY 
AND M. P. PUISEUX. 


We have received the fifth and sixth sets of the Photographic 
Atlas of the Moon made and published by M. M. Loewy, Di 
rector of the Observatory of Paris, and M. P. Puiseux, Adjunct 
Astronomer of the Observatory. Judging from these two sets ot 
pictures of six each, the work, as a whole, clearly surpasses 
everything of the kind we have seen from any other source. 

These plates are uniform in size, 181% inches by 22 


inches, 
printed on heavy cardboard of 311% inches by 231% inches in size. 


> 


The instrument used in making the original negatives was the 
large equatorial Coudé of the Paris Observatory which has an 
objective of 60 cm.clear aperture, and a focal length of 18 meters 
The image of the Moon on the original negatives varied from 
160 to 180 mm. according to the distance of the satellite from 
the Earth. The plates used were extra rapid, and the time ot 
the exposure ranged from 1% second to 4 seconds, according to 
the phase of the Moon and the clearness of the atmosphere. 
Probably our readers generally know that the lens of such ar 
equatorial remains stationary, but the plate is moved by clock- 
work and cylindrical gearing. 

The shutter used is a sheet of aluminium placed immediately in 
front of the plate; it moves in grooves and is controlled by hand, 
by means of a rod and crank, so that a varied exposure may be 
made to bring out the bright and the darker parts of the Moon 
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in proper relation on the same plate. A tubular sky-shade 1.60m 
in length is placed on the front of the lens when photographs are 
made during twilight. 

The plates are developed with amidol and anhydrous sulphite 
of soda to preserve the greatest transparency in the deposite. 

The enlargements are made by electric are light, and the lens 
used is a Lerebours and Secrétan single achromatic meniscus of 
310 mm. focus, with convex surface to the light stopped down to 
10mm. This gives perfect definition of the grain of the negative 
all over the entire surface of enlargement to 80c by 80c. Various 
other lenses were tried, but none gave such satisfactory results. 

Different methods of focussing were also tried, but the best test 
of definition was found in the grain of the plate, as seen in the 
image on a white screen. A slight movement of the lens removes 
the grain, and gives a more agreeable visual image, but for exact- 
ness the grain is retained. On first looking at these pictures the 
obtrusiveness of the grain all over all the surfaces of all the 
plates gave disappointment, because the eye that is familiar with 
the surface of the Moon under considerable power in a large 
telescope never sees a surface covered over with minute white 
specks like those made by the magnified grains in the original 
negatives. As one looks longer and traces the fine details that 
come out on account of the exact definition secured by the care- 
ful and uniform focussing secured by the aid of the granular 
structure of the plate, he can readily overlook the slight harsh- 
ness of grains that take the place of the soft undulating surface 
which the practiced eye so much enjoys in favorable study of the 
lunar surface directly with suitable optical aid. 

These pictures also show a remarkable equality of exposure, 
with full detail in the shadows. Anyone acquainted with pho- 
tography readily realizes that this is a difficult thing todo. In 
order to accomplish this the light was passed through a screen 
with a slit a few milimeters wide, before it reached the condenser. 
This screen was kept in motion, and it was so arranged that it 
could be used locally, and thus secure the proper comparative 
exposure for parts adjacent to one another under different de- 
grees of brightness. In this way a single plate may be made to 
do better work in reproductions than is possible without the use 
of some such effective device. Dr. H. C. Wilson in Goodsell Ob- 
servatory has used a similar device to bring out in proper rela- 
tion the bright inner corona and faint outer one in some excellent 


negatives obtained by himself recently. The results were very 
satisfactory. 
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In these Moon pictures the scale of enlargement varied between 
10 and 16 times, and about 400 photographs have already been 
made which nearly completes the list for the atlas, as we under- 
stand the original plan. 

We published in November last something of the detail of this 
grand piece of work, but did not then say anything about the 
pictures themselves. We have since been favored with some sets 
for examination, and it is a pleasure and a privilege to speak of 
them particularly as well as in a general way, as we have already 
done. 

Plate XXIV is a fine view of the region of the South Pole 
where the craters, large and small, are so thick that one does not 
care to make a count of them. Janssen and Rabbi Levi are the 
marked features, the craterlets within on their floors and the 
central cones stand out in bold relief even when the observer is 
twenty feet away. One surprising thing on this plate is the deli- 
cate gradation of light that shades off from the limb towards 
the terminator. The large deep craters whose floors are shaded 
from sunlight or partly so make a contrast of great beauty and 
naturalness. The accompanying key to every plate on the same 
scale at once puts before the eye of the student the names and 
prominent features of each place and helps him to know imme- 
diately the location and surroundings of particular objects he 
may wish to examine or study. 

Plate X XV has in its lower left hand corner the three notable 
craters, Catherine, Cyrillus and Theophilis. These great craters 
are presented ona scale that gives them a diameter measure of 
over two inches. The Moon on the same scale would have a di- 
ameter of 81 inches. The vast crater, Albategnius that stands 
on the terminator, at the right, barely shows the outline of its 
huge walls, and the sun-lighted crest of its central mountain. 
This photograph shows almost an unbroken field of volcanic ac- 
tivity in some long ago time, that must have lasted ages to build 
crater on crater, until some of the earlier and larger ones have 
quite lost their individuality in the ruinous work of the later 
ones. 

Plate X XVI has the noted Triesnecker in the right hand lower 
corner and Catherine and Cyrillus near the upper left hand corner 
and on the terminator, Arzachel and Purbach are near the upper 
right hand corner. All the craters upon the right and at some 
distance from the terminator stand out so clearly that the details 
of the surface are easy to follow. The long lines of parallel hills 
and intervening valleys, with gentler undulations that here come 
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into view, remind one that he is near the region of the so-called 
seas or great valleys of the middle and northern sections of the 
Moon. 

Plate XX VII is a beauty to be looked at long, in wonder and 
with increasing admiration. The great seas of Tranquilitate, 
Fecunditate, Nectar and Crisium fill the middle portions of the 
lunar surface, and the trio of Catherine, Cyrillus and Theophilus 
are upon the terminator near the right hand upper corner. The 
western part of the Sea of Serenitatis occupies the terminator in 
the right lower corner. The great shallow Crater of Posidonius 
is well seen on the northwest shore of the sea, and the long line 
of serpentine hills on the sea bottom stand out in bold relief al- 
though reaching very closely to the terminator. The folded and 
wrinkled surface in all the seas of the terminator in this photo- 
graph are remarkably clear and beautiful. 





THE ORBIT OF 8 DELPHINI. 
R. G. AITKEN. 


The present investigation was undertaken to determine whether 
the observations of a close and rather difficult double star are 
sufficiently accurate to make it worth while to correct the ele- 
ments of its approximate orbit by differential methods. Such 
methods have, as is well known, been applied in researches on 
the orbits of some of the moderately easy binary and ternary 
systems, as for example in Seeliger’s classic memoir on the orbit 
of @ Cancri. But the orbits of the more difficult binaries have 
generally been based wholly or in part upon the graphic con- 
struction of the apparent ellipse; though occasionally the first 
approximations have been improved by means of Klinkerfues’s 
very convenient method of six position angles. 

The system of 8 Delphini seemed to offer all the requisites for 
testing this question. Discovered by Burnham in August, 1873, 
it has already completed a revolution. While the maximum dis- 
tance between the components amounts to only two-thirds of a 
second of arc, at minimum the distance is not small enough to 
place the star beyond the resolving power of our great telescopes. 
The pair has been well observed by all the leading double star 
observers of the last quarter century, and finally, we have two 
recent orbits by experienced computers that are very similar in 
all their elements except the length of the semi-axis major. These 
orbits are: 

r cs e a 2 i ny 
WR secinscsoncs 279.66 1883.05 0.373 0” .6724 3°.9 61°.35 164°.93 
Burnham...26 .70 = 1883.1 0.43 0 .48 1.8 55.9 i gf 
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The first step in the present investigation was to compare these 
two orbits with the observations, as collected in Burnham’s 
General Catalogue of double stars. 

An ephemeris giving the apparent position of the companion 
star for every tenth degree of mean anomaly was computed from 
Burnham’s elements and curves laid down on cross-section paper 
to represent them. Similar interpolating curves were drawn for 
See’s elements by plotting the computed positions given by See 
in his volume on the “Evolution of the Stellar Systems.” 

The two curves for the position angles differ but little, See’s 
representing the observed positions somewhat better at the two 
extremities, Burnham’s those in the middle portion. But Burn- 
ham’s computed distances are in far better agreement with the 
distance measures of the best observers. 

Using See’s elements as a basis, and selecting six position angles 
that would represent the entire observed are I next computed the 
elements designated as System I by Klinkerfues’s method. 


SYSTEM I 


ars {2 179°.10 
7 1 61 .75 
c r 352 .80 





a 

luterpolating curves from these elements were constructed as 
described above, and the individual observations compared with 
them, the measures having been taken from the original sources. 
In this connection I wish to express my thanks to Professor 
Schiaparelli, who kindly sent me the full details of his fine series 
of measures of this pair.* 

In addition to the measures given in Burnham’s volume, which 
it is unnecessary to reprint here, I have used the following later 
ones: 


1899.633 6.8 0.43 21 Bryant 
636 1.6 0.60 3 Doolitth 
683 6.4 0.41 4 sow yer 
71 5.6 0.56 3 Lewis 

1900.613 9.0 0.64 1 Pryant 
636 7.6 0.54 3 Aitken 
671 9.8 0.63 1 Lewis 

1901.509 10.6 0.47 3 Aitken 
634 14.0 0.54 3 Lewis 
641 14.6 0.39 2 Bowye1 
681 16.8 0.45 s Bryant 


* Professor Sechiaparelli’s letter enables me to correct the only serious error in 
Burnham’s collection of the measures of this star. The line 1887.45, 287°.3 
0.2, 9®Sp should be deleted, as Schiaparelli measured this pair on only eight 
nights in 1887, the mean date being 1887.85, which is also given by Burnham. 
It may also be noted that Schiaq arelli’s mean date for 1895 is 1895.87 accord 
] 


vou 


ing to his letter, instead of 1895.77 as printed in the ie cited 
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When the residuals in angle obtained by this comparison ex- 
ceeded 10° the measure was rejected, unless the eomputed dis- 
tance was as small as 0.25, in which case the limit was set at 
15°. The annual means were then formed for each observer and 
the results combined to form the means given in Table I. The 
distance measures were treated somewhat differently. Individ- 
ual measures or estimates were not rejected unless they differed 
from the computed distances by 0’.2; but in forming the mean 
places in Table I, an observer’s mean result was given weight 0 
if it differed 0.15 from the computed distance. It should be said 
that a very small percentage of measures in either codrdinate 
was thus rejected. In forming the means given in the table 
weights were assigned depending in part upon the number of 
observations and in part upon the aperture of the telescope used, 
weight 4 being given to a mean based on more than four nights’ 
measures with a telescope whose aperture exceeds 15 inches, and 
weight 1 to the mean of one or two nights’ measures with a 
telescope of less than 12 inches aperture. 








TABLE I. 
Date for Position 
Angles. Angles. Weight. Distance. Weight. Observers and Nights. 
1874.686 14.71 6 0.561 4 AS. 3, N 3. 1. 
75.629 17.81 4 0463 3 A4,2,Sp.4 
76.654 25.88 2 0.483 1 A 4, 3. 
77.753 35.34 6 0.320 3 A5,0,B84,2. 
78.672 55.20 4. 0.242 $ B4,A1, 0. 
80.669 128.59 3 0.253 3 B83. 
81.654 151.13 6 0.258 L 8 6, Big. 1, 0. 
82.627 167.56 3 0.257 3 B 4, 3. 
88.554 182.57 3 9.230 3. B3 
84.731 197.86 9 0.310 9 Eng. 4, HI. 3, 6 5. 
85.902 217.87 3 0.847 1 Eng. 7. 
86.866 247.29 3; 0.21 1 Sp.3. 
87.724 279.13 10 0.21+ 3 T, 4, 0. HZ 5, 0, Sp. &. 
88.785 304.64 8 0.261 6 8 4, HZ 2, 0, Sp. 8. 
89.710 317.45 12 0.350 10 85, H=5,3,Sp. 11. 
90.723 325.56 F | 0.440 7 B 4, Sp. 12. 
ee 2 sv J +o 
91.697 332.47 15 0418 13 “ 1,0, H13, H 24, Sp. 9, Big. 
92.735 339.39 y 0.505 9 B 4, Bar. 2, Sp. 5. 
ers ee : ceccsie jSp. 13, Bar. 4,C. 2, Lv. 2, WI. 2, 0, 
93.761 343.03 13 0.537 11 LO. 
94.680 346.61 10 0.530 8 Sp. 13, Bar. 8, HZ, 1, 0. 
_ ae 3 . ar. 6, 4, C. 3, Sp. 3, Dy. 2 " 
95.655 350.74 16 0.610 14 ‘oe : a" p. 3, Dy. 2, Ho. 1, 
‘ ; >. 3, Sp. 7, 5 . 3, See 3, Mor. £ 
96.786 355.26 19 0.629 13 ey.’ », Hu. 3, See 3, Mor. 3, 
einen pines , . . Sp. 4, Bar. 4, Hu. 4, A. 3, D. 3, 2. 
: ) d , ’ 
97.661 357.33 21 0.641 18 | "Dob.4, Leh. 2,0,M. 1, See1, Br.1. 
ee ee : Sy , Sp. 5, 3, 7%, & 2.660.435. 
98.679 360.61 20 0.680 =—-18 .s a i, A. 3, B4,D. 4,3 
= — - puree . 3, A. 3, D. 3, See 2, Br. 3, Le 
99.709 5.57 18 0.596 14 , Rony - o &, Ges 2, Be. 8, By. 3 


a0 


A. 3, L, 1, Bry. 1. 


1900.644 8.50 6 0.588 
2 L. 3, A. 3, Bry. 8, Bow. 2. 


01.611 12.88 10 0.493 
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TABLE I.*—Continued. 


I II II { II 
Aé@ (O—C) Aé@ (O—C) Ae (O—C) Ap (O—C) Ap (O—C) 
Angle. Are. 
+- 0.09 — 0.09 0.001 t+ 0.943 0.044 
— 2.23 - 2.24 0.018 + 0.003 — 0.003 
— 1.07 — 1.52 0.010 ! 90.088 ! 9.088 
- 3.66 —~ 3.66 — 0,019 t+ 0.015 t 0.010 
+ 0.50 — 0.60 0.003 0.007 0.003 
8.06 7.09 + 0.024 + 0.056 + 0.056 
+ 2.33 1.13 t 0.005 + 0.020 + 0.014 
1 0.76 — 0.44 — 0.002 0.020 0.031 
+ 2.44 1.07 0.006 0.070 0.074 
+- 0.16 — 2.1 0.010 0.030 + 0.033 
— 2.76 — 7.13 0.028 + 0.116 {9.120 
— 0.24 — 3.81 0.014 0.014 + 0.0024 
+ 4.73 +- 1.73 0.007 + 0.004 — 0.009+ 
+ 3.64 1 2.34 0.011 t 9.003 — 0.011 
1.85 +- 1.25 t 0.007 + 0.033 + 0.025 
0.74 - 0.74 0.005 i 0.053 L 0.044 
— 0.9: — 0.93 0.008 0.027 — 0.050 
+ 0.09 + 0.09 - 0.001 0.001 -0.011 
0.77 — 0.77 ~ 0.008 0.020 - 0.027 
— 0.99 — 0.99 0.010 0.064 0.068 
- 0.03 - 0.03 0.000 0.010 0.015 
0.86 + 0.96 + 0.011 0.011 0.014 
0.02 - 0.02 0.000 0.009 0.006 
0.26 +- 0.06 0.001 0.010 0.013 
2.20 + 1.17 0.013 0.034 0.027 
1.78 + 1.20 + 0.012 0.012 0.006 
3.34 2.58 + 0.025 0.068 0.064 


An inspection of the residuals given in this table shows that 
the distances are satisfactorily represented by the elements I, but 
the residuals in angle seem to indicate systematic deviations. A 
careful examination of the measures of each observer led me to 
conclude that the data at hand did not warrant the application 
cf corrections for systematic errors of observation. I therefore 
considered it better to try to diminish the angle residuals by a 
second application of Klinkerfues’s method rather than by the 
use of complete differential formule. 

Six normal angles were formed in the usual manner with the 
aid of the ephemeris from elements I by grouping the annual 
means as indicated in Table I. The results are given in Table II. 

* In this table and in those which follow the angles have been reduced to the 


epoch 1900.0. In the computation the angles were carried to the one-hundredth 
of a degree and the distances to the one-thousandth of a second of are to show 
the relations of the residuals more precisely. These decimals have been retained 
in the table for convenience and not as an indication of extreme accuracy. The 


abbreviations for the observers are those adopted by Burnham. 
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TABLE II. 
Date. M. System I. A@(O—C). Normal Angle. Wt. Ag (O—C) 
System II. 
- ° 
1876.246 + 270 - 1.26 22.64 22 — 1.58 
1882.066 + 345 t+ 2.45 159.45 11 +- 1.49 
1885.946 35 0.88 220.94 15 — 4.37 
1888.662 +. TO + 2.56 300.86 30 + 1.18 
1893.318 + 130 0.60 341.27 70 — 0.47 
1899.526 +- 210 t+ 1.40 364.33 arg +- 0.93 


Three hypotheses respecting the values P, 7, and e were made 
in the usual manner but the resulting corrections were not satis- 
factory. Further hypotheses were then made until a set of cor- 
rections to these three elements was obtained that gave values of 
a, B, y, approximately equal to those derived from the above po- 
sition angles. The remaining elements were then computed as 
usual, the values of a being derived from several normal values of 
the observed distances based upon measures by Burnham, Barn- 
ard, Schiaparelli, Comstock, Hussey and Aitken. 

The elements are as follows: 


System II 
a 27.66 years Q 178°.90 
i i 1883.10 1 60 .90 
e 0.363 A 351 .55 
a 0” .475 


The last column in Table I] above shows that these elements 
represent normals 2, 4, 5 and 6 somewhat better than System I, 
and normals 1 and 3 not so well. But from Table I, it will be 
seen that the first three normals are strongly, if not dominat- 
ingly, influenced by Dembowski, Burnham and Englemann, re- 
spectively, while the last three are based on the measures of 


many observers. Any constant errors in the measures of 


the observers named will strongly affect the first three places, 
while the last three may be assumed to be substantially free from 
errors of this kind. It is also to be noted, that considering the 
size of the telescopes used and the apparent separation of the 
components of 8 Delphini, we should expect larger errors in the 
observations made previous to 1877 than in the later ones. I 
therefore think that System II represents the available observa- 
tions satisfactorily, and that differential formule will be of little 
service in improving these elements until more extended series of 
measures have been made. It will be seen from column 9 of Ta- 
ble I, that the residuals in angle represent smaller displacements 
of the companion star than do those in distance, and also that a 
residual of 7° in 1880 and 1885 means no more than one of 2°.6 
in 1901. 
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I have said that the application of corrections for systematic 
errors of observation seemed unwarranted. In the first place 
there are only two series of measures—the fine series of Burnham 
and Schiaparelii—that are of sufficient extent to form a safe 
basis for deriving systematic corrections. The other series cover 
at most six or seven years and some of the positions are the re- 
sults of one night’s measures only. Then when the measures of 
the two observers just named were compared with the ephemeris 
from Elements II, it appeared that in them the systematic errors 
were practically insensible, as may be seen from the tabulation 
that follows. 


OBSERVATIONS BY SCHIAPARELLI.” 





Date. 7) A A# (O—C) p p Ap(O—C) n 
1875.612 14.84 20.00 5.16 0.425 0.463 0.038 4. 
76.829 16.61 28.70 12.09 0.40 0.382 0.018 1 
77.703 18.97 38,40 - 19.43 0.20 0.313 0.013 1 
80.678 — sinvle > & xe single 0.196 —  ...... 2 
86.886 238.18 251.60 13.42 0.236 0.208 0.028 4 7,5 
87.862 287.86 281.65 + 6.21 0.2 0 0.215 0.015 8 
88.840 311.54 303.40 8.11 0.248 0.273 0.025 16, 14 
89.849 319.26 317.80 + 1.46 0.368 0.338 + 0.030 11 
90.896 326.55 327.77 - 1.22 0.4356 0.406 0.030 i2 a4 
91.876 333.52 334.54 1.02 0.465 0.470 0.005 9,2 
92.926 340.75 340.12 + 0.63 0.544 0.525 0.019 5, 2 
93.879 344.38 344.31 O OF 0.508 0.568 0.060 13,6 
94.834 347.21 347.99 0.78 0.500 0.6023 0.103 13,5 
95.877 51.92 351.57 0.35 0.667 0.650 0.037 3 
96.872 355.8% 354.61 1.28 0 649 0.643 t 0.006 1.8 
97.856 356.96 357.95 0.99 0.625 0.647 0.022 4,3 
98.902 360.41 361.30 O.89 0.575 0.637 0.062 5,3 
Average residual — 0.11 Average residuals j— 0.002 
1— 0.018 
OBSERVATIONS BY BURNHAM.* 
Date. 6, 0. A9 (O—C) p p Ap (O—C) n 
1877.796 10.88 39.70 + 1.18 0.320 0.307 1 Qgo13 4,2 
78.648 53.84 54.70 — 0.86 0.242 0.247 — 0.005 4 
80.676 133.67 121.65 (4+ 12.02) 0.262 0.197 0.065 5 
81.541 149.3 147.20 2.1 0.258 0.237 0.021 6 
82.627 167.56 167.75 - 0.19 0.257 0.288 — OVO O31 4,3 
83.554 182.57 181.45 + 1.13 0°230 0 304 0.074 ; 
84.770 199.30 200.60 — 1.30 0.290 0.272 L (018 4 
88.651 310.14 300.20 (-+ 9.94) 0.286 0.263 0.023 7 
89.499 314.27 313.45 + 0.92 0.308 0.316 — 0.008 5 
90.492 324.24 314.30 — 0.06 0.450 0.381 t 0.069 4 
91.454 331.45 331.75 — 0.30 O.385 0.442 — 0.057 4 
92.388 338.73 337.72 + 1.01 0.500 0.498 L Q.002 4 
98.580 359.00 360.10 — .O9 0.670 0.641 L_O.0 9 4. 
Average residual 4+ 0.23 Average residual + 0.005 


To anyone who has observed a double star of the type of B 
Delphini, the residuals shown in Schiaparelli’s measures with the 
8-inch telescope will not seem very large—in fact it is surprising 
that measures of such a pair could be obtained at all with so 

* In these comparisons all the observations made were retained. The larger 


residuals would be greatly reduced if a few discordant measures were rejected 
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small a telescope. The residuals of the years 1886 to 1888 are 
also obviously due to the extreme difficulty of the pair at that 
time. A similar explanation holds for Burnham’s residuals for 
the measures of 1880 and 1888—the latter made with a 12-inch 
telescope. Omitting these residuals, in which any systematic 
error is completely masked by the accidental error of measure, 
the remaining residuals in angle, and the residuals in distance 
give practically no evidence of systematic errors. If such exist 
they must be brought to light by some different form of investi- 
gation. 

As the apparent motion of this pair will increase rapidly for 
the next few years, | append an ephemeris giving the relative 
positions of the two components for every tenth degree of mean 
anomaly to the date of the next periastron passage. 


Date. M 0 p Date. M 0 p 
° ‘44 ° ° ” 
1903.077 260 18.6 0.48 1907.687 320 97.8 0.19 
3.845 270 23.6 0.43 8.455 330 125.8 0.20 
4.613 280 30.1 0.37 9.223 340 147.3 0.24 
5.382 290 38.9 0.31 9.992 350 162.8 0.28 
6.150 300 51.8 9.2.6 1910.760 360 175.0 0.30 
6.918 310 yp Be 0.21 


Lick OBSERVATORY, University of California, 
Bulletin No. 26, September 7, 1902. 





A STANDARD SCALE FOR TELESCOPIC OBSERVATIONS. 
PERCIVAL LOWELL 


1. Present State.—At present there exists no criterion among 
astronomers for the weight to be attached to any given observa- 
tion due to the atmospheric conditions under which it is made. 
Yet these atmospheric conditions are among the most important 
factors entering into an astronomic observation. They are far 
more to the point than the size of the instrument. For our tele- 
scopes have long since outstripped the conditions under which 
they are put to work; the great bar to advance today, whether 
visually, photographically, or spectroscopically, being not instru- 
ment but atmosphere. Each man realizes this, but marks his 
own work on his own scale, as if he should take his own foot as 
the unit of length. 

2. Difficulties of this Condition.—In consequence no absolute 
ralue is assignable to any man’s work, and no comparison be- 
tween different men’s work is possible whether in accuracy or 
credibility. The practical outcome is that the only test is the 
test of time, and while the world is waiting for confirmation of 
any new result just so many years are lost. 

As important is the incapacity to leave permanent records of 
observations capable of being compared with newer ones as time 
rolls on. 

3. A Change Necessary.—A change in this state of things is 
imperatively needed. It is time a standard scale for observations 
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were introduced similar to what the metric system is, that it 
may do what that does for physics generally. 

4. Possibility of a Criterion.—Until lately sucha scale has not 
been feasible owing to ignorance of the conditions upon which it 
must be based. Studies. however, directed to that end first at 
Arequipa and then at Flagstaff during the past few years have 
resulted in the knowledge of the conditions whichconstitute good 
or bad seeing, and have thus enabled an absolute seale to be con- 
structed. 

5. The Criterion.—The basis of the matter lies in the discovery 
that systems of waves traverse the air, several of these systems 
being present at once at various levels above the Earth’s surface. 
The waves composing any given system are constant in size, and 
differ for the different currents all the way from a fraction of an 
inch to several feet in length. If the wave be less than the diame- 
ter of the object-glass from crest to crest the image is confused by 
the unequal refraction from the different phases of the wave. It 
the wave be longer than this a bodily oscillation of the whole 
image results. The first is fatal to good definition, the second to 
accurate micrometric measurement. 

It is possible to see these waves bv taking out the eyepiece and 
putting one’s eye in the focus of the instrument when the tube is 
pointed at some sufficiently bright light. It is further possible to 
measure their effect by careful noting of the character of the spur- 
ious dise and rings made by a star and the extent of the swing of 
the image in the field of view. By combining the amount of con- 
fusion with the degree of bodily motion of the resulting image the 
definition at any time and place can be accurately recorded. 

The increasing perfection of the optical image of a star testifies 
to the increasing lack of damaging currents with reference to the 
object-glass used. It records all the waves below a certain wave- 
length. Similarly the amount of bodily motion registers all those 
above that length. The two taken together give account of all 
the currents independent of the glass. 

6. The Scale.—It is therefore necessary only to agree upon some 
size of glass for making the fundamental tests and then to reduce 
the results to any aperture by relations which will be found set 
forth in a pamphlet by Mr. Douglas made at this Observatory, 
entitled “Scales of Seeing.”’ 

The most feasible size for comparison purposes seems the 6-inch 
aperture. 

The scale it is proposed to adopt is therefore as follows: With 
a 6-inch glass— 

0 Disc and rings confused and enlarged. 

2 Disc and rings confused but not enlarged 

4 Disc defined; no evidence of rings. 

6 Disc defined; rings broken but traceable. 

8 Disc defined; rings complete but moving. 

10 Disc defined; rings motionless. 
Synchronous determination of the amount of bodily motion ot 
image in seconds of arc. 

From Monthly Notices, R. A. S., Nov. 1902. 
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ASTRONOMICAL PHENOMENA DURING 1908. 








ECLIPSES 

There will be four eclipses during the year, two of the Sun and two of the 
Moon. None of them will be of any scientific importance, and only one, a par- 
tial eclipse of the Moon, will be at all visible in the United States. The following 
data are taken from the American Ephemeris for 1903: 

1. An Annular Eclipse of the Sun, March 28. The path of 
central eclipse passes from Central Asia across the eastern part of Siberia and 
the Arctie Ocean north of Alaska. As a partial eclipse it will be visible in the 
eastern part of Asia, the Philippine Islands and Alaska. The eclipse begins at 
sunset in the extreme northwestern part of the United States. 

ELEMENTS OF THE ECLIPSE. 


Greenwich Mean Time of conjunction in right ascension, March 284 14" 05™ 16.55 


Sun and Moon's R.A 0» 26" 30°.56 Hourly motions 9° 09 and 125°.60 
Sun’s declination 2° 51’ 57”.2N Hourly motion O’ 58”.6N 
Moon's declination 3 42 03 .7N Hourly motion 10 13 .3N 
Sun’s equa. hor. parallax 8 .§ Sun’s true semidiameter 16 O1 .0 
Moon's equa. hor. parallax 56 56 .8 Moon’s true semidiam, 15 31 .1 


CIRCUMSTANCES OF THE ECLIPSE. 


Greenwich Mean Longitude from 
Time. Greenwich, Latitude. 
h m s . . . 4 
Eclipse begins March 28 11 09.2 103 16.2E 15 10.8N 
Central eclipse begins 28 12 35.2 80 08.1 E 39 52.3N 
Central eclipse at noon 28 14 05.3 150 00.1 E 65 13.4N 
Central eclipse ends 28 14 35.3 116 45.6 W 74 56.4N 
Eclipse ends 28 16 01.4 145 31.1 W 50 28.6N 


2. A Partial Eclipse of the Moon, April 11. The end of this 
eclipse will be visible in the eastern parts of the United States, the whole eclipse 
being visible generally throughout Europe, Africa and parts of Asia and South 
America. 

ELEMENTS OF THE ECLIPSE. 


Greenwich Mean Time of opposition in right ascension, April 114 115 57™ 24°,7. 


Sun's right ascension 1° 17" 16°.62 Hourly motion 95.18 
Moon's right ascension 13 17 16.62 Hourly motion 129 .38 
Sun's declination 8° 09’ 58”.9N Hourly motion CO 63 28 
Moon's declination 7 41 #17. 4S Hourly motion 9 40 3S 
Sun’s equa. hor. parallax 8. 8 Sun's true semidiameter 15 57 .é 
Moon's equa. hor. parallax 57 24. 2 Moon's true semidiam. 15 38 .5 


CIRCUMSTANCES OF THE ECLIPSE. 


i d h m 

Moon enters penumbra April 11 09 263 

Moon enters shadow 11 10 34 5| 

Middle of the eclipse 11 12 13.0;Greenwich Mean Time 
Moon leaves shadow 11 138 51.6 

Moon leaves penumbra 11 14 59.8 





The Moon being the zenith 


Contacts of shadow Angles of position in longitude 
with Moon's limb from the north point from Greenwich, and in latitude. 
First:s 135° to E 20° 59’ E 7 2s 
Last 102 toW 26 28 W 7 59S 


Magnitude of the eclipse 0.973 (Moon’s diameter = 1.0) 
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3. A Total Eclipse of the Sun, Sept. 20. The path of central 
eclipse passes across the southern part of the Indian Ocean andthe Antarctic 
Ocean, ending within 10° of the South Pole and touching land only at the Priuce 
Edward Islands. The partial eclipse touches the eastern coast of Africa, the 
southern coast of Australia and part of New Zealand. 

ELEMENTS OF THE ECLIPSE 


Greenwich Mean Time of conjunction in right ascension, Sept. 204 17" 10™ 25*.2 


Sun and Moon’s R.A. 11" 49™ 08*.20 Hourly motions 8*,98 and 138*.22 
Sun’s declination 1° 10’ 39”.0N Hourly motion 0’ 58”.3S 
Moon’s declination O 14 21 .00N Hourly motion 11 22 .28 
Sun's equa. hor. parallax 8 .8 Sun’s true semidiameter15 55 .9 
Moon’s equa. hor. parallax 59 52 .7 Moon’s true semidiam. 16 19 .0 


CIRCUMSTANCES OF THE ECLIPSE 


Greenwich Mean Latitude from 
Time. Greenw ‘ich Latitude 
7 d h m ° , 
Eclipse begins Sept. 20 14 27.8 51 ™ 6E i7 &2.3S 
Central eclipse begins 20 15 63.7 31 3.4. E 46 17. 2 S 
Central eclipse at noon 20 17 10.4 100 46. 45 69 55.28 
Central eclipse ends 20 17 25.7 178 32.3 E 82 V0.3S 
Eclipse ends 20 18 51'8 163 51.5E 53 43.1S$ 


4. A Partial Eclipse of the Moon, Oct. 6. This will be visible 
generally throughout Asia and in parts of Europe, Africa and the Pacific Ocean 


ELEMENTS OF THE ECLIPSE 


Greenwich Mean Time of opposition in right ascension, October 6% 02" 58™ 46*.7 


Sun’s right ascension 12" 44" 465.85 Hourly motion 9°.11 
Moon’s right ascension O 44 46.85 Hourly motion 121 .97 
Sun’s declination 4° 48’ 49’.5S Hourly motion a 3 2 
Moon’s declination 4 17 47 9N Hourly motion 9 42 8N 
Sun’s equa hor. parallax 8 .8 Sun’struesemidiametér,16 OO .1 
Moon’s equa. hor. parallax 56 02 .1 Moon’s true semidiam. 15 16 .2 


CIRCUMSTANCES OF THE ECLIPSE 


d h m 
Moon enters penumbra October 6 OO 27.1 
Moon enters shadow 6 01 40.3 
Middle of the eclipse 6 03 17.4}Greenwich Mean Time 
Moon leaves shadow 6 04 54 5| 
Moon leaves penumbra 6 U6 07.8 
The Moon being in the zenitl 
Contacts of shadow Angle of position in longitude 
with Moon's limb. from the north point from Greenwicl and in latitude 
First 41° to E 151° 26’E 4° O5’N 
Last 75 toW 104 22E t. a7 N 
Magnitude of the eclipse 0.868 (Moon’s diameter 1.0) 


THE PLANETS 

The apparent paths of the planets among the stars during 1903 are sho, 
in the diagrams, Figs. 1 and 2. 

Mercury begins the new year in Sagittarius as evening star and will be visible 
to the naked eye during the middle portion of January. On Feb. 2 this planet 
will reach inferior conjunction and the resultant of the motions of the two 
planets Mercury and Earth will cause the former to apparently traverse the 
great loop in Capricornus as indicated upon the chart. The same causes will 
produce the large S-shaped loop in Taurus in May and June and again the nat 
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DIAGRAM SHOWING THE APPARENT PATHS OF THE PLANETS MERCURY, VENUS, URANUS 
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row closed loop in Virgo in Sep- 
The different 
shapes of the loops are due to the 


tember and October. 


inclination of Mercury's orbit to 
that of the Earth and the changing 
positions of the two planets, with 
reference to the line of nodes of the 
two orbits. Mercury will be visible 
as evening star also inthe first half 
of May, and the first half of Sep- 
tember. It the 
morning during the latter part of 
February, the latter part of June 
and the middle of October. 


will be visible in 


Venus will be evening star un- 
til Sept. 17, beginning the years 
course in Sagittarius near Mercury, 
visible only for a few minutes each 
evening during January, but grad- 
ually receding from the Sun and 
ascending in that 
by March 1 the 
equator and be visible for an hour 
and a half During 
the summer the planet will be ina 


declination so 


she will reach 


aiter sunset. 
very favorable position for obser 
vation, reaching the high declina- 
tion of + 25 
of May. 


for good results in the study of the 


32’ at the middle 


We may therefore hope 


surface markings and the rotation 


period of the planet during this 


summer. The planet reaches infer- 
ior conjunction in September, 
makes the great loop in Leo, and 
will be the brilliant morning planet 
during the remainder of the year 
Venus will be at her greatest bril- 
liancy in the evening Aug. 12 and 
in the morning Oct. 25 

Mars begins his annual course 
with a great loop in the constella 
tion Virgo. The retrograde move 


will be 


and from 


ment completed carly in 
May that the 


planet’s course will be approxim- 


time on 


ately along the ecliptic, ending in 


Capricorn not far Saturn. 


Mars will be in conjunction with 
Saturn on Dec. 20. 


from 


Mars will be 
at opposition March 28 and the 
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nearest approach to the Earth will be on April 1, when its distance will be about 
59,000,000 miles. The opposition is therefore not a very favorable one for 
observations of the surface markings of the planet. 

Jupiter's position this year will be considerably improved, for northern ob- 
servers, for its course ascends the slope of the ecliptic in Aquarius quite rapidly, 
so that at the time of opposition, Sept. 11, it will be only 6° south of the equator. 


WOZTEOR HIWOR 





THE CONSTELLATIONS AT 9 P. M. JANUARY 1, 1902 


Saturn's course lies wholly in Capricorn and will be only slightly better for 
observation in the northern hemisphere than during last year. The planet will 
be at conjunction with the Sun Jan. 2U an 1 at opposition July 29. 

The path of Uranus is shown on the chart with those of Venus and Mercury. 
lying between Scorpio and Sagittarius, almost exactly on the line of the ecliptic, 
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The apparent movement of the planet is direct until April 1, then retrograde un- 
til September 1, then direct for the remainder of the year. Opposition occurs 
June 15. 

Neptune is in nearly the opposite part of the heavens, at the highest part of 
the ecliptic. Its course lies just south of the two Stars «and 7 Geminorum. The 
planet will he in the same field of view with 7, in a small telescope, on the first 
few days of January, being about 15’ to the south of the star and moving slowly 
toward the west. .The westward movement will continue until March 12, then 
the direct movement will bring the planet again within the same field with 7 for 
a few days about May 19. It will be in the same field with » for a few days 
about July 10, when, however it will be invisible because of the proximity of the 
Sun, but at the close of the year the retrograde movement will again bring the 
planet into the vicinity of 4 at a time when it may be observed. 


CoMETs. 


The two periodic comets Swift 1895 II and Temple-Swift which were due at 
perihelion in Nov. and Dec. 1902 respectively should still be in view, although no 
one has yet been able to pick them up, probably because of their extreme faint- 
ness. Also two of the comets b and d which were discovered in 1902 will be 
visible for a time in the coming year. 

During this year five short period comets are due at perihelion, but only two 
Faye’s and Brook’s 1889 V offer any probability of their detection, the others 
being unfavorably situated with reference to the Sun. 

1. Brooks’ 1886 IV, provided its period has remained unchanged, should be 
at perihelion about Mar. 25. It was not observed at the two returns in 1892 
and 1897, neither of which was favorable to its observation. The present re- 
turn is a little more favorable, but the comet's place will be proportionately 
more uncertain so that its discovery is doubtful. 

2. Perrine 1896 VII will be at perihelion about May 4, but will then be on 
the opposite side of the Sun from the Earth, so that it must be found either be 
fore or after that time and at a comparatively great distance from the Earth if 
at all. 

3. Spitaler’s comet 1890 VII was not observed at its return in 1897 and 
will probably escape detection again this year because of its unfavorable posi 
tion. It is due at perihelion about Aug. 1 

4. Faye’s well known periodic comet is due at perihelion in October and is 
fairly well situated for observation, and as this is one of the comparatively 
bright telescopic comets there is little doubt of its detection. It may be found 
several months before perihelion. 

5. Brooks’ 1889 V, which will not reach perihelion until December, will be in 
best position for observation during the summer. It was observed at the return 
in 1896 and although its position is a little less favorable this year there is hope 
of its detection. The ephemeris by Mr. Seagrave (given on another page) should 
enable observers to begin their search early. The comet is a faint one and 
should be looked for with large instruments. 

Besides the above, the two comets of D'Arrest and Winnecke, which have 
been observed at several returns, are due at perihelion early in January 1904. 
Both will then be nearly on the opposite side of the Sun, from the Earth so that 
their chance of detection is slight, unless they be found in the summer or autumn, 
while at a great distance from both the Earth and the Sun. 

In Knowledge, December 1902, Mr. J. B. Dale includes Giacobini’s comet 
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1896 V as one of those due in 1903, but Professor Hussey’s elements (A. N. 3391 


or P. A. IV, 386) give it a period of 9.00 years, which would bring its return in 
October 1905. 


Phases of the Moon. 


Washington Mean Time. 


New Moon. First Quarter. Full Moon. Last Quarter. 
h m h m h m h m 
cones Jan. 6 4 48 Jan. 12 21 09 Jan. 19 18 41 
Jan. 27% 238 30 Feb. 4 17 04 Feb. 11 7 50 Feb. 18 13 14 


7 

Feb. 26 17 11 Mar. 6 2 O06 Mar. 12 19 05 Mar. 20 8 59 
Mar. 28 8 18 Apr. 4 8 43 Apr. 11 7 10 Apr. 19 4 22 
May 26 5 42 June 1 20 16 June 9 10 O00 June 17 18 36 
July 23 19 38 July 30 14 06 Aug. 7 15 46 Aug. 15 12 14 
Aug. 22 2 43 Aug. 29 3 26 Sept. 6 12 Sept. 13 20 05 
Sept. 20 11 22 Sept. 27 20 00 Oct. 5 22 15 Oct. 132 2 48 
Oct. 19 22 22 Oct. 27 15 24 Nov. 4 12 19 Nov. 11 9 38 
Nov. 18 12 02 Nov. 26 12 28 Dec. i 04 Dec. 10 17 45 
Dec. 18 4 18 Dec. 26 9 14 


. 
Lo | 


~ 


= 


METEOR SHOWERS. 


From the list of 90 radiant points of meteoric showers given by Mr. W. F- 
Denning in The Companion to The Observatory the following are selected < 
furnishing the more brilliant showers: 


= 


Ss 


Date. Radiant. Remarks. 
a 6 
Jan 2—3 230 + 53 Swift; long paths 
Apr. 20—21 270 + 33 Swift. 
May 6 338 — 2 Swift; streaks. 
July 28 339 — il Slow; long. 
Aug. 10—12 45 + 57 Swift; streaks. 
Oct. 18—20 92 +15 Swift; streaks. 
Nov. 14—16 150 + 22 Swift; streaks. 
23—24 25 + 43 Verv slow; trains. 

Dec. 10—12 108 + 33 Swift; short. 


The Perseids, with a maximum on Aug. 11, are visible for a conslderable 
period and their radiant exhibits a motion, to E.N.E. among the stars, of about 
1° per day. Its position July 20 should be a 20°, 6 + 51° and on Aug. 17 a 53 
6 + 58°. 

OCCULTATIONS. 


A list of 95 occultations visible at Washington, and therefore at least in the 
eastern part of the United States, is given in the American Ephemeris for 1903. 
Portions of this list will be given in each number of PopuLarR ASTRONOMY 
through the vear. That for January follows: 


Occultations Visible at Washington. 


IMMERSION. EMERGION. 
late. Star's Magni- Washing- Angle Washing- Angle Dura 
1902. Name. tude. tonM.T. f'm N pt. tonM.T. f'mNpt. _ tion 
. h m ° h m . h m 
Jan. 4 12 Piscium 6.8 8 32 89 9 34 227 1 
6 ¢Piscium 5.4 11 46 127 22 22 204 0 36 
9 B.A.C. 1272 6.3 14 35 27 15 Ol 329 O 26 
12 A Geminorum 3.6 13 55 139 14 53 250 O 58 
21 ¢! Librae 6.2 14 11 144 15 03 252 O 52 
21 * Librae 5.8 15 44 52 16 29 345 O 45 
21 {4 Librae 5.4 16 41 92 18 02 306 0 21 
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COMET AND ASTEROID NOTES. 


New Comet d, 1902 (Giacobini.)—A telegram was received Dec. 4, via 
Harvard College Observatory, announcing the discovery of a faint comet by 


Giacobini at Nice December 2.396 Gr. M. T. in R. A. 7" 17™ 40* and Decl. — 1° 58” 
motion northwest. Later telegrams furnish the following observed positions: 
Gr. M. T. R. A. Decl. Observer. Place. 
h m . , 
Dec. 3.737 4 i¢ 26 -1 50 Dinwiddie Washington 
5.9848 7 16 45.7 —1 31 02 Aitken Mt. Hamilton 
6.9730 7 16 30.7 —1 23 49 = “ 
7.8192 7 16 O9.8 -1 14 30 te “s 


The movement of the comet is so slow that the orbit is almost indeterminate 
from these positions and unfortunately the moonlight has probably prevented 
later observations. 

The following elements and ephemeris received by telegraph Dec. 15, were 
computed at Washington from observations on the dates Dec. 3, 7 and 9: 


ELEMENTS 


T = April 1.78 Gr. M. 7 
o= 9 1.7’ 
oo =: 117 12 
fan @ 53 


q = 2.6861 


EPHEMERIS 


h m s ‘ 

Dec. 13 4 i 6&2 O 17 1.20 
ag * Wk BZ +O 30 
21 7 O09 36 +1 23 

25 7 OF O4 +2 19 1.30 


The comet is thus, at the present time (Dec. 17), in the Milky Way in Mono 
ceros, about 10° southwest from the bright star Procyon, and is moving slowly 
northwest. 

The perihelion distance, according to the above elements, is remarkably large 
but very little weight can be attached to elements based on such insufficient data 

The following elements and ephemeris are given in ‘‘Science Observer, Special 
Circular No. 132. They have been computed by Messrs. H. R. Morgan and C 
W. Frederick from Mount Hamilton observatlons of Dec. 5, 6 and 7, and Wash- 
ington observations of Dec. 3, 5, 7, 8 and 9. 


ELEMENTS 


T = 1903 April 1.7863 
7 126° 59’ 42” 
Q2=117 12 35 {Mean Eq. 1902.0 
i= & 53 29 
log q = 0.42912 
Residuals (O—C): AX cos 8 = —5”.5, As + 3”.5 
HELIOCENTRIC CO-ORDINATES. 
x>=r [9.896140] sin (225 17’ 27” -+ Vv) 
= r [9.999997] sin (135 6 38 + Vv) 


N “+ 


= r]9.789994] sin( 44 49 2-+¥Y) 
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EPHEMERIS. 
Gr. Midnight. R. A. Decl. log A. Light. 
1902. hom aes 
Dec. 13 7 13 51 -O 16.7 0.3146 1.2 
a c 51 -QO 30.0 0.3056 1.3 
21 7 #9 35 % 21.7 0.2972 1.4 
25 7 7 «& 2 18.5 0.2897 1.4 
29 7 4 20 3 20.2 0.2831 1.5 
Brightness at discovery = 1. 





Orbit of Comet 1881 II.—In A. N. 3827 Professor H. Kreutz gives new 
elements of the orbit of this comet, which was discovered by Swift April 30, 
1881, and was observed for only a few days, from May 2 to 11. The elements, 
determined from five normal places, which are represented with great exactness 
are: 

T = 1881, May 20.4781553 Berlin M. T. 
w= 178° 47° 38”.65) 
Q2=126 26 52 .2171881.0 
i= 77 56 38 36 
log q = 9.7716534 

Detinitive Orbit of Comet 1863 I.—In A. N. 3829 Mr. A. von Flotuw 
gives the results of a definitive determination of the orbit of this comet, which 
was discovered by C. Bruhns in Leipzic, Nov. 30, 1862. The observations ex- 
tend to Mar. 12, 1863 and were grouped into five normal places, which the ele- 
ments represent very closely. The solution of the normal equations gives the 
eccentricity slightly greater than unity but the data are almost equally well 
satisfied by parabolic elements, so the calculator regards the eccentricity as a 
result of errurs of computation, having no real significance. 

PARABOLIC ELEMENTS. 
! = 1863, Feb. 3.52847 Berlin M. 7. 
w= FO1° 22° 41” .99 
Q 116 55 34 .7671863.0 
i 85 21 53 04} 
log q = 9.9002347 


Ephemeris of Brooks’ Comet. (1889 V—1896 VI).—I enclose you 
an ephemeris of Brooks’ Comet (1889 V—1896 VI) which is due to reach peri- 
helion in about a year (December 11, 1903) from now. This little comet which 
at one time was supposed to be the famous one of Lexell was discovered by 
Professor Brooks of New York in 1889. Its perihelion distance is about 1.959 of 
our mean distance from the Sun, while at aphelion its distance is about 5.42 ot 
our mean distance, or about as far out as Jupiter. As the inclination of the orbit 
of this body is not very great it touches the orbit of Jupiter near the aphelion. 
This comet was extremely near to Jupiter in 1886 (March) and for several days 
was within the satellite system of that planet. Since then it has suffered no ser- 
ious perturbations and will not suffer any until 1921 and 1922 when it will 
again enter Jupiter’s system and the elements of its orbit will again be greatly 
changed. During the last aphelion passage which tcok place May 23, 1900, 
Jupiter was then distant from the comet about 5.69. Jupiter's heliocentric longi 
tude being 245° 37’, and the comet’s 181° 52’. This comet can never (with its 
present system of elements) approach very near to any of the major planets of 
our system except Jupiter. The nearest that it can ever approach to Mars is 
about 0.5614 when both bodies are in heliocentric longitude 6° 30’. This object 
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will be fairly well situated for observations next summer especially in the south 


ern hemisphere. 

on August 17. 

these were not seen in 1896. 
PROVIDENCE, Dec. 4, 1902. 


ELEMENTS OF Brooks’ COMET 


F.E 


(1889 V—1896 VI) 


It will be in opposition on August 3 and nearest to the Earth 
One or two companions accompanied this object in 1889 but 


SEAGRAVE 


By Herr Bauschinger in Observatory, January 1899 number, page 65 


Epoch = 


M = 356 42’ 
w = 343 if 57 
7 1 52 16 
Q - 18 4 18 
1 6 3 3 
Pp 27 59 59 
EPHEMERIS OF 
Wash'n. Midn a 
1903. h m s 
Aug 9 20 57 44 
is 20 54 28 
17 20 61 18 
21 20 48 20 
25 20 45 40 
29 20 43 2 
Sept 2 20 41 2 
6 20 


10 20 39 i 
14 0 38 §2 
18 0 39 5 
22 20 39 54 
26 20 41 16 

30 20 43 11 
Oct 4 10 45 39 
& 20 LS s7 
12 20 52 } 

16 20 Oo rf 
20 )] O 18 
24 on 5 2 
a8 21 10 9 
Nov. 1 21 18 35 
5 21 21 20 
9 4 A Sle 
13 21 33 39 
17 21 40 10 
21 21 46 54 
25 21 53 49 
29 22 O 55 
Dec 3 2e 5s 9 
7 22 15 $2 
11 22 23 2 
15 22 30 38 
19 22 38 20 
23 22 46 8 
27 22 &3 59 
31 23 1 56 

1904 

Jan 4 23 9 55 
s aa at SY 
12 23 26 2 
16 23 35 10 


Nearest Earth. 7 


1896, Oct 


env 
36°.9 


t 


In perihelion. 


11.5 Berlin M. T 
log a 


299524 


12 24 298245 
23 52 297080 
13) (48 296033 
57 14 295104 
9 10 294297 
19 38 293612 
28 42 293053 
36 25 292619 
42 50 292313 
18 3 292134 
52 6 292084 
5 8 292161 
6 59 292367 
AR 0 292701 
8 11 293162 
57 38 293748 
56 29 294458 
54 48 295291 
02 42 296246 
50 14 0.297318 


Based upon Herr Bauschinger’s elements 


0.567: 


3730 


Py log q 0.2920828 
Us 499’ 9736 
3 x 2592.137 days. 
3 log apheli 0.7345337 
{3 
Brooks’ Comet (1889 V—1896 VI) 
5 log 1 log A 

27 46 27 0.343855 0.081651 

as yl 21 541024 079263 

2t¢ 5838 22 S823 O78187* 

2t &2 21 335492 O78404 

27 48 9 332798 O79863 

27 40 45 }O159 OS82489 

2é 30 15 27576 OS6187 

27 16 15 15054 O9O859 

27 O 25 22597 096403 

26 41 23 0208 102732 

26 19 54 17891 109716 

23 56 2 15650 117288 

Zo Ze &¢ 13489 125337 

25 1 48 11412 133772 

24 31 42 09422 142510 

23 9 46 O7524 151486 

23 26 4 05720 160644 

22 50 39 O4015 169935 

ae so Se 02411 179340 

21 34 46 300913 188763 


198191 
207595 
216954 


226256 


235489 
244641 


253698 
262648 
271483 
280201 
28SRO2 
297289} 
305657 


314905 


345623 
353240 
360736 


368107 
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Orbit of Comet 1827 I.—In A. N. 








Search Ephemeris for Comet Temple;-Swift. 


Paris Midn. 


Jan. 


SNOOP wh 


16 
17 
18 
19 


[By J. Bossert in A. N. 3828.] 


R. A. Decl. 
h m s ° , 
22 27 30 4 43.0 
30 52 4 23.6 
34 13 4 41 
37 37 3 44.3 
41 2 3 24.3 
14. 28 3 4.2 
47 56 2 43.8 
51 24 2 23.3 
54 54 2 2.6 
22 58 24 1 41.8 
23 1 56 1 20.8 
5 29 O 59.6 
9 3 O 38.4 
12 38 -O 16.9 
16 15 +O 4.7 
19 53 O 26.5 
23 32 O 48.4 
27 12 1 10.4 
23 30 53 1 32.6 


log r. 


0.0720 


0.0674 


0.0641 


0.0621 


log A 


0.1456 


0.1436 


0.1420 


0.1407 


following elements for the comet discovered by Pons, Dec. 26, 1826: 


New Asteroids.—The following have been added to the 


T = 1827 Feb. 4.94822 Berlin M. T. 


w- 
QQ = 
i 

log q 


ets since our last note: 


Discoverers. 


1902 KA 


1902 KE was found to be identical with (19) Fortuna, 


Decl. 


KB 
KC 
KD 
KF 
KG 
KH 
KJ 
KK 
KL 
KM 
KN 
KO 
KP 
KQ 
KR 
KS 
KT 


Dugan 


Wolf 


Dugan 
“ 


Wolf 


is 


a“ 


Place 


Heidelberg Oct. 


161° OF 10" .3 | 
184 34 40 .3$1827.0 
102 24 43 .1f 


9.704293 


Local M. T. 


h m 
25 9 45.6 
25 9 56.3 
25 9 56.3 
25 12 07.3 
25 12 07.3 
25 12 07.3 
25: 12 07.3 
Nov. 4 10 50.6 
4 10 50.6 
Oct. 25 9 56.3 
Nov. 20 7 59.5 
20 7 59.5 
2i 68 550 
21 11 06.0 
21 11 06.0 
21 11 06.0 
21 11 06.0 
22 10 59.3 


R.A 
h m 
2 25.9 
23 29.1 
23 35.2 
3 35.9 
3 36.1 
3 41.4 
3 42.6 
2 54.7 
2 51.5 
23 35.5 
3 32.8 
3 32.5 
3 08.0 
3 16.2 
3 16.7 
3 24.0 
3 25.5 
4 04.9 


3830 Dr. Elis Strémgren gives the 








list of new plan- 


Decl. 


tS 


+11 
13 
11 50 
24 52 
03 
1 32 
9 51 


-21 13 


| 
+. | 


bo 


‘ 


+++ 
— bh 


i. 


Mag. 


] 


Com Coho t 


> bo 
) 


pe et et et et 


bo b 


the ephemeris ot 
which in the Berliner Jahrbuch for 1904 is in error by 13" in R. A., and 1° 20’ in 
A corrected ephemeris is given in A. N. 3826. 
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Ephemeris of Planet (334) Chicago. 


1903. a App. 5 App. log A. Abr. Time. 








h m s , sa m ~ 
Jan. 1 7 22 38.65 +19 14 59.4 0.4687 24 27 
i 3 21 14.24 19 19 1.9 25 
5 19 48.94 19 23 7.9 0.4677 24 
{ 7 18 23.05 19 27 16.6 23 
| 9 16 56.90 19 31 27.3 0.4674 23 
i 11 15 30.81 19 35 39.2 24 
| 13 14 5.09 19 39 51.7 0.4679 25 
15 12 40.04 19 44 4.1 27 
. 17 11 15.96 19 48 15.7 0.4692 29 
/ 19 9 53.13 19 52 26.0 32 
21 & 31.86 19 56 345 0.4712 35 
| 23 7 12.44 20 0 40.6 39 
25 5 55.15 20 4 43.8 0.4738 44 
27 4 40.28 20 8 43.6 49 
29 S$ 28.11 20 12 39.5 0.4771 24 55 
31 2 1890 20 16 $81.1 25 32 
Feb. 2 7 1 12.88 + 20 20 18.1 0.4810 25 9 
Ephemeris of Eros. 
[Computed by F. E. Seagrave.] 
1903. a 6 log r log A 
Feb. 12.5 15 58 55.22—33 31 3.8 0.11 70700 0.0277666 
16 16 9 5998 —34 27 10.0 1212456 0225377 
20 16 20 52.00—35 19 36.1 1254240 0169400 
| 24 16 31 28.90 — 36 8 31.6 1295952 0109595 
| 28 16 41 48.20—36 54 7.8 1337500 0.0045894 
Mar. 4 16 51 47.39—37 36 37.2 1: ferns 9.9978279 
S 17 1 24.08 — 38 16 13.6 1419788 9906742 
12 i7 10 35.90—838 53 12.7 14603 sR4 9831264 
16 17 19 20.38 —39 27 51.2 1500532 9751763 
20 17 27 34.00 —40 0 26.3 1540174 9668184 
24 17 35 13.52—40 31 13.8 1579260 9580610 
28 17 42 14.97 —41 0 28.3 1617744 9489252 
Apr. 1 17 48 34.50—41 28 22.9 1655588 9394397 
5 17 54 8.76—41 55 7.6 1692760 9296498 
9 17 58 53.8 —42 20 51.5 1729224 9195979 
13 18 » 45.84—42 45 40.1 1764960 9093341 
17 18 5 40.20 —43 9 34.3 1799936 S989215 
21 18 7 32.10—43 32 26.9 1834136 RRR4482 
25 18 8 16.66—43 54 0.9 1867544 8780313 
29 i8 7 4988—44 13 48.7 1900144 8678165 
May 3 is 6 9.12—44 31 10.8 1931920 8579743 
Me 18 3 1300—44 45 19.1 1962864 8486856 
11 17 59 2.20 —44 55 17.0 1992966 8401466 
15 17 53 38.80 — 44 59 6.4 2022222 8325694 
19 17 47 7.88 —44 58 9.9 2050626 8261897 
23 17 39 38.20—44 48 46.4 2078172 8212507 
27 17 31 22.37—44 30 47.4 2104856 8179892 
31 17 22 36.13 — 44 3 35.9 2130686 8166070 
. June 4 17 13 39.24—43 27 10.1 2155630 8172415 
1 : s 17 4 48.12—42 41 57.8 0.2179732 9.8199658 


Naming of Asteroids.—Dr. L. Carnera of the Strassburg Observatory 
has given the two planets, discovered by him, names as follow: (477) [1901 GR] 


Italia and (478) [1901 GU] Tergeste. 

















48 Variable Stars. 


Elements of Asteroid 1902 HP.—In A. N. 3828 Mr. Hans Osten 
gives elements of this asteroid, computed from 15 observations in Feb. and Mar. 
1902: 

Epoch 1902, Feb. 12.5 Berlin M. T. 


M= 61° $3’ 5&3”.6 


5 
wo = 347 47 25 .1) g¢= 8° 51’ 17.8 
Q2= 66 52 32 .571902.0 » = 780.362 
as 9 GL 5&4 9} log a = 0.438474 


VARIABLE STARS. 


Minima of Variable Stars of the Algol Type. 
[Greenwich Mean Time beginning with midnight. The hours greater than 12 are 
those of the afternoon. To obtain Eastern Standard time subtract 5 hours; for Central 
Standard subtract 6 hours, etc.] 


U Cephei. R Can. Maj S Antliz. RX Herculis. SY (V*) Cyeni. 
a h d I d h a n 
d h 
Jan 2 5 an 11 12 }an. 17 14 Jan. 5 14 
2 ae 1215 — 18 14 — 612 Jan 61 14 
7 4 13 18 19 13 7 9 eo 
9 16 14 21 20 12 8 6 i. 25 
12 4 16 1 21 12 9 4 — = 
14 16 17 4 22 11 10 1 a 
17 4 is 7 23 10 10 22 ' ” 
¢ > ‘ ‘ 
* 16 19 10 24 10 11 20 SW (U8) Cygni. 
— 20 14 25 9 Re is li 2 6 
24 15 21 17 26 8 is 14 2 3 a 
27 3 22 20 27 8 14 12 @ 20 
' 25 3 29 6 16 6 16 28 
Algol. 25 «6 30 6 17 4 ae 
z 9 ; 7 « ¢ 5 8 & 
a 2 ' a = * = 30 17 
? 3 28 1 3 6 Librae. 18 = 
- a i a Jan. 2 12 = = W Delphini. 
10 21 30 19 4 20 20 17 I: > 6 
13 18 31 22 7 4 2 a a 
1G 14 a ae 22 12 aes 
g S Caneri o 12 923 9 11 21 
19 11 11 19 23S 16 16 
mad ¢ i = 
og 5 Jam 4 18 14 3 a 21 12 
23 «9 14 1 16 11 2% I 26 7 
20 99 23 13 18 19 oR 92 eee 
30 22 1 3 o7 an Y Cygni. 
T asses . 23 1 preyenet ‘ FS 
\ Tauri. © Antitn. 25 19 28 17 Jan. a a 
Jan. 4 10 ‘ i 298 92 29 15 _ 
. 2 « Period 7" 46".8 va 52 30 12 4 4 
8 9 30 10 31 9 5 20 
9 " < ov « 
12 = Jan. 1 1 U Coronze P . : ¢ 
16 6 2 1 : Z Herculis. 2 9 
20 5 P Jan 1 14 8 20 
O4 4 os © - 5 (OO Jan. 2 9 10 4 
- * 3 23 =. és 4 7 11 20 
31 = 4 23 11 es 6 9 13 4 
’ ” 5 22 = ae 8 7 14 20 
- 0 15 9 ~ 
R Canis Majoris 6 21 18 20 10 8 16 4 
' 7 2 = 12 7 17 20 
Jan. 1 6 8 20 95 17 14 8 19 4 
2 10 9 19 ro A 16 7 20 20 
3 13 10 19 eee is 8 22 4 
“4 16 14 32 RX Herculis. 20 7 23 20 
5 19 12 17 Jan 1 4 22 8 25 4 
6 23 tS iF 2 1 24 6 26 20 
8 2 14 16 2 22 26 8 23 4 
9 5 i8 15 3 20 28 6 29 20 
10 8 16 15 4 17 30 = =68 31 4 
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Variable Stars of Short Period not of the Algol Type. 


X Cygni 

5 Cephei 

¢ Geminorum 
8 Lyre 

W Virginis 

T Vulpeculz 
W Geminorum 
6 Cephei 

S Sagitte 

T Vulpeculz 

B Lyre 

6 Cephei 

W Geminorum 
T Vulpeculze 

¢ Geminorum 
S Sagittae 


Minimum. 


h 

Jan. 1 4 Jan. 7 
2 & 3 
4 4 9 
5 0O 8 
§ 5 13 
5 7 6 
6 7 8 
7 9 9 
8 3 11 
9 18 11 
Li 3 14 
aa ka 14 
14 1 16 
14 4 15 
14 8 19 
16 13 19 


Maximum. 


B Lyre 

X Cygni 

5 Cephei 

T Vulpeculz 
T Monocerotis 
W Geminorum 
W Virginis 

T Vulpecule 

5 Cephei 

8 Lyre 
¢Geminorum 
S Sagitte 

T Vulpeculae 


5 Cephei 
8 Lyre 
T Vulpecula 


Minimum. Maximum. 
h h 

Jan. 17 22 Jan. 21 7 
iv i3 24 8 

18 2 19 17 

18 15 20 O 

21 3 29 1 

21 19 24 10 

Za i2 30 16 

23 1 24 10 

23 ii 25 2 

24 9 ai ii 

24 11 29 11 

24 23 28 9 

ae 3 28 21 

28 20 30 11 

30 20 34 5 

31 23 33 «8 


Maxima and Minima of Long Period Variables. 


[Computed from Chandler's ‘ 


elements are in doubt. By Misses Ida I 


Observatory. ] 


Maxima. 


Date No. 
Jan. 
2 1386 
3 4511 
8 678? 
9 893 
9 R068 
10 5903? 
11 4948 
11 5249? 
14 2445? 
17 2946 
17 4826 
22 5070 
26 112 
3 1761 
Feb. 
1 6044 
2 7468 
2 3994 


3 5430 
6 8512 


10 2684 
10 6132 
11 1222 
11 2266 
3 5237 
14 4557 
15 1623 
15 5504 
17 5037 
18 7999 
21 7907? 


Star 


T Eridani 

T Ursace Maj. 

U Perscei 

U Ceti 

S Lacertae 

Y Scorpii 

R Canum Venat 
V Librae 

W Monocerotis 
R Cancri 

R Hydrae 

Z Virginis 

R Andromedae 
R Orionis 


S Herculis 

T Aquarii 

S Leonis 

T Librae 

R Aquarii 

S Canis Minoris 
R Ophiuchi 
Persei 
Monocerotis 
Bootis 

S Ursae Majoris 
T Camelopardalis 
S Coronae 

RR Virginis 

X Aquarii 

U Aquarii 


A<Az 


‘Third Catalogue 
Watson and Helen 


M 


A question mark 


Swartz 


Maxima. 


Date No Star 
Feb 
22 4377 T Virginis 
2 7118 X Aquilae 
24 7455 U Capricorni 
26 7192 Z Cygni 
Minima. 

Jan 

1 1771 R Leporis 

3 5758 X Herculis 

7 5950 W Herculis 

9 7242 S Aquilae 

11 8324 V Cassiopeiae 
12 69437 T Sagittae 
20 6921 S Sagittarii 
22 7220 S Cygni 
26 7754 W Cygni 
27 7560 R Vulpeculae 
30 4596 U Virginis 
31 7577 X Capricorni 
Feb 

5 845 R Ceti 

6 434 S Piscium 

10 1582 S Tauri 

12 2976 V Cancri 

16 7085 RT Cygni 
23 2539 R Canis Minoris 
24 4847 S Virginis 
27 2528 R Geminorum 
27 5157 S Bootis 

27 5338 U Bootis 
28 4521 R Virginis 
28 6512 T Herculis 


indicates that the 
of Vassar College 
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Maxima of U Pegasi. 


Period 4" 29".8. The minimum occurs 2" 15" after the maximum. 
d 


a 


d h d h 
Jan. 1 4 Jan. 9 1 Jan. 17 2 Jan. 25 4 
2 2 10 4 18 1 26 2 
3 1 11 2 19 + 27 1 
4+ 4 12 1 20 = 28 3 
5 2 13 4. 21 1 29 2 
6 1 14. 2 22 + 30 0 
7 1 15 1 23 2 31 3 
8 2 16 1. 24 1 


New Variable Star 15.1902 Delphini.—This was discovered by Rev. 
T. D. Anderson of Edinburgh and was announced in A. N. 3821. 
1855 is 


R.A. 20" 34™ 435 Decl. + 11° 217.5 


The magnitudes estimated by Mr. Anderson were, 1902 Sept. 4, 9.6; Sept. 6, 9.6; 
Sept. 24, 9.8; Sept. 25, 9.8; Oct. 7, 10.2. 


New Variable Star 16.1902 Delphini.—In A. N. 3830 Professor W. 
Ceraski announces this new variable, discovered by Mme. Ceraski in studying 
the photographs taken by M.S. Blajko at Moscow. The star is 

BD + 16°4290 R. A. 20" 25™ 59°.5; Decl. + 16° 57’.2 (1855); Mag. 9.3. 

It is about 9.3" on a plate taken Aug. 18, 1902, but is missing from one taken 
Aug. 17, 1900, so that judging from the neighboring stars it could not then have 
exceeded 11". By visual observations (Nov. 14, 1902?) it is actually about 11™. 


New Variable Star 17.1902.—No. 17 is assigned to a variable dis- 
covered by Mr. A. Stanley Williams the announcement of which is to follow ina 
latter number of the A. N. 


New Variable Star 18.1902 Coronze.—This variable was discovered 
by Rev. T. D. Anderson of Edinbugh and is announced in A. N. 3831. Its posi- 
tion for 1855 is 

KA. 16" 10°*.3 Decl. +- 38" 08’ 
It is not found in the Bonn Durchmusterung but its magnitude was estimated by 
Mr. Anderson on Noy. 1,1902 as 8.5"; Nov. 7, 8.7™; Nov. 18,9.2"; Nov. 21,9.3™. 


New Variable Star 19.1902 Pegasi.—This was also discovered by 
Mr. Anderson and is announced in A. N. 3831. Its position for 1855 is 
R.A. 21" 6&7*.8 Decl. + 34° 25’, 

It has a period of seven months and was in November near its maximum, At 
maximum it is midway in brightness between BD. + 34°.4595 and 4596, the 
magnitudes of which may be estimated as 9.9 and 9.1. At minimum it is about 
0.2™ brighter than o 11.0" star north preceding the variable. 


New Elements of the Variable X Cygni.—In A. N. 3831 Mr. M. 
Luizet gives a new determination of the elements of this variable star, making 
only a slight change in the elements. He obtains for the time of maximum 

1886 Oct. 10, 19".7 (Paris M. T,) + 164 95 14" 7° E or 
Julian Day 2410190.82 + 16.3848 E. 


Its position for 





niall 
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Variability of a Orionis.—This star has recently been reported to be 
abnormally bright. Mr. D. E. Packer of Birmingham, England, announced that 
on October 15 the star was superior to Capella and only slightly inferior to 
Sirius in brilliancy. According to Col. E. E. Marckwick, in the Journal of the 
B. A. A. XIII, 24, this is confirmed by Mr. Gore, who on Oct. 16 found it equal 
to Capella, although lower in the sky. 
nearly equal to Arcturus. 

Professor Hartwig in A. N. 3 
than B Orionis, about 0.7". 

Mr. J. Plassmann in A. 


On Oct. 17 he found the magnitude 0.1 or 
827 says that on Oct. 23 a Orionis was fainter 


N. 3830 gives the following sequences observed dur 
ing the past year: 


Miinster 8 Orionis a Orionis a Tauri 
1902. M. T. —a Orionis. -a Tauri ¥y Orionis. Sky. 
Feb. 9 6 19 6 6 6 2 
24 8 22 7 7 7 1M: 
25 8 33 5 5 5.5 2 
Mar. 4 9 O02 7 7 5 2 
11 8 O8 8 7 5 2 
Oct. 16 16 22 ) 7 7 2M, 


The last observation seems to confirm the variation noted above, in making 
the star in question equal to 8 Orionis. 

Col. Marckwick has averaged the estimates of the light ot Betelgeux made 
by the observers of the Variable Star Section of the British Astronomical Asso 
ciation during the preceding four years finding little evidence of change during 
that time. 


1898 0.7" 
1899 0.7 
1900 08 January to April in each year. 
1901 0.6 


He says ‘‘Neither did Herschel, when observing the star in 1836 to 1840, evet 
see it superior to Capella. On 1839, Nov. 26, he says he was startled by the ex 
traordinary splendour of a Orionis, which far exceeded his idea at the moment ot 


what was its natural state. He then observed a sequence of stars in descending 


order of brightness, but placed a Orionis below Capelli 


, Stating that the interval 
between the two stars was a great one 


He placed maxima of the star in Novem 

ber 1836, October 1837, and November 1839; minima in March 1836, January 

1838 and January 1839. If, therefore, Betelgeux is now, or has been recently, 

brighter than Capella, the increase in light has been 
& I 

posing that of Capella to remain unchanged. Sir J 

in which he records the observations referred té 


very marked, always sup 
Herschel, in the same paper 
» above, says he thinks Capella 
had within his recollection increased in brightness 

“In R. A. S., M. N., XII], 52, Fletcher records that on 5th of December 1852 
Betelgeux was brighter than Capella.” 

This variable is such a bright one that all will be interested in watching its 
changes this winter if there should be any. The following is a good list of com 
parison stars, the magnitudes being taken from the Revision of the Harvard 
Photometry (Annals, Vol. XLV): 


Mag. Mag. 
Capella, a Aurige 0.24 Aldebaran, a Tauri 1.09 
Rigel, 8 Orionis 0.40 Pollux, 8 Geminorum 1.26 


Procyon, a Canis Min. 0.45 
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Approximate Magnitudes of Variable Stars Dec. 10, 1902. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 


Name. 


T Androm. 
T Cassiop. 
R Androm. 
S Ceti 
W Cassiop. 
Ss “ 
R Piscium 
R Trianguli 
U Persei 
R Arietis 
o Ceti 
S Persei 
R Ceti 
yy « 
R Persei 
R Tauri 
S oe 
R Aurigae 
U Orionis 
R Lyncis 
R Geminorum 
S Canis Min. 
R Cancri 

‘ 


< 


Hydrae 


Leonis 
Ursae Maj. 
Comae 

T Virginis 

R Corvi 

Y Virginis 

T Ursae Maj. 
R Virginis 

S Ursae Maj. 
U Virginis 

R Hydrae 

S Virginis 

R Canis Ven. 
S Bootis 


S 
T 
R 
R 
R 
R 


NoTE:—f denotes that the variable is probably fainter than the magnitude 


Leonis Min. 


R. A. Decl. Magn 
1900. 1900. 
h m . - 

O 17.2 + 26 26 12; 
017.8+ 55 14 8d 
0188+38 1 8i 
0190— 953 9d 
0 49.0+58 1 u 
L i2.0+ 72 6& f 
1255+ 222 9d 
1 31.0+ 33 50 107 
1 529+ 54 20 8 
210.44 24 36 Qi 
2 14.3 - 3 26 9d 
215.7+58 8 9 
2 20.9 - O 38 lld 
2 28.9 —13 35 81 
3 23.7+ 35 20 u 
4 22.8 9 56 131 
4 23.7+ 9 44 f 
§ 9.2+53.28 913 
5 49.9 20 10 lld 
6 53.0 + 55 28 10d 
8 1.3-+ 22 52 10d 
4 27.3-+- 8 82 li: 
8 11.0 12 2 8d 
8 16.0 17 36 lid 
8 48.4 3 27 lld 
8 50.8 8 46 u 
° 39.6+ 34 58 8d 
9 42.2+11 54 Ti 
10 37.6+4+69 18 8d 
10 59.1+19 20 lld 
12 9.5 5 29 u 
12 14.4 18 42 u 
12 28.7 3 52 u 
12 31.88+60 211i 
12 33.4+ 732 Td 
12 39.64 61 38 12d 
12 460+ 6 6 f 
13 22.6 2 39 s 
13 24.2 22 46 s 
13 27.8 - 6 41 s 
13 44.6+40 2 10d 
14 19.5 + 54 16 u 


Name. 


R Camelop. 
R Bootis 

S Librae 

S Serpentis 
S Coronae 

S Ursae Min. 
R Coronae 
V = 
R Serpentis 
R Herculis 

R Scorpii 

S “oe 

U Herculis 

R Ursae Min. 
W Herculis 
R Draconis 
S Herculis 

R Ophiuchi 
T Herculis 

R Scuti 

R Aquilae 

R Sagittarii 
R Cygni 
RT Cygni 
X ia 

S 


no 2 6 

R Delphini 
U Cygni 
V 


T Aquarii 

R Vulpeculae 
T Cephei 

S “ 


S Lacertae 
R = 
S Aquarii 

R Pegasi 

S “a 

R Aquarii 

R Cassiopeiae 


A 


1900. 


h 
14 


fo op 


Si. 


5 32. 


~) 
' 


oa 


b 
SOs 


1 
Oo 


CO 


— 


to 


at. 


i ll al 
++ 


A 


ore Eien oe 
oe 

_ 

on 


_ 


+ 


—_ 
_ 


Ek. 
21 


| 


—_ 
AOANKORENO RINNE ORD 
ee" gos | 


1 OR IO 


— 


Decl. Magn. 
1900. 


@ a 
1 


20 
14 
78 
28 
39 


et) 
-_ 


18 


49 


38 

& 
47 
47 

5 
23 
68 
78 
39 
41 
20 
10 

8 


-15 


50 


, 


17 


0 
49 
5 
29 
12 
58 
32 
40 
42 
28 
47 
35 
47 
31 
26 
5 
10 
48 
51 
53 
0 
22 
50 
50 


10 7 


a 


2aG 


ADRDBBBADR 


10 
11 


fo ) 
— 
a a 


9 
6 


es 
cae, 


9i 

u 
10d 

u 
8d 
18 i 
id 
91 
8d 
13 i 
9 i 
9d 
es 
8d 

u 

u 
9d 
lid 
i) ey 
8 ji 


8 j 


13; i, that its light is increasing; d, that its light is decreasing; s, that it is near 
the Sun; u, that its magnitude is unknown. 





Maxima of Two Variables.—The irregular gleams of SS Cygni have re- 
ceived much attention from skilled observers of stellar variability. 


light being still more fitful. 


1902, June 2 
24 
25 
26 
28 


9:35 P. M. 
ie 
S20 «* 
9:43 “ 
9:20 * 


Usually of 
less than 11th magnitude, its period varies considerably, its time of increased 


In the four-inch telescope used in the following ob- 
servations stars of 11th magnitude and upwards are sometimes distinct and 
sometimes invisible according to the condition of the atmosphere. 


Invisible. 


“ 








carina a 
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VC 
July 1 9:16 “ 3 
4 9:21 “ Barely discernible. 
7 960 “ 7 ” 
10 9:15 “ = 
12 9:16 “ ee - 
13 9:10 “ ‘3 t 
168 9:15 “ Equal to a of 9.6 mag. brighter than others except 


ing b in the triangular group. 





16 9:05 ‘ About 2/10 brighter than a. 
21 3:10 “ Equal to a. Full Moon. 
22 9:10 “ a 2/10 brighter than variable. 
29 8:35 “ Variable equals c of 9.5 mag. 
30 8:45 “ Variable equals d of 10.5 mag. 
381 9:00 “ d 2/10 brighter than variable. 
Aug. 1 9:05 ‘“ “ - % = 
2 990 “* Equal to n of 10.9 mag 


14 8:35 “ Barely discernible. 


W Aurigz, a telescopic orb near Sigma within the pentagon of the charioteer, 
has recently passed from maximum to invisibility. Its variability was discov 
ered by means of the photographs taken at the Observatory of Moscow; and the 
range is from about 9th tu 12th magnitude. In the ‘Companion to the Observa- 
tory” the only maximum predicted for the year was that of last March. Being 
convenient for observation when rising in the east during the evenings of October 
it was observed since then with the following results: 


1902, Oct. 28 Brighter than a, less than c 
Nov. 1 Same. 
3 Equal to a. 
11 Same. 
1S 


Probably about 9.3 mag 


Fainter than a, Brighter than k or J with which it 
angle. Probably about 10.5 magnitude. 

22 Sarre. 

26 Seems slightly brighter, nearly equal to a 

Dec. 1 Less than a, scarcely brighter than J of 11th magnitude. 
10 Equal to k, classed as 12th 
16 Invisible. 


formsa tri 


ROSE O'HALLORAN, 
SAN Francisco, Dec. 17th, 1902. 


GENERAL NOTES. 


The Leonids in Mexico.—I take pleasure in 


sending you a sketch of the 
star shower which I observed from 4 a. M. to 6 


A. M. of the 14th inst. I saw 
eighteen Leonids, most of them white; only two reddish. Two were very bright 
1st magnitude, and the others ranged from the 2d to the 5th magnitude. 


One of 
the 3rd magnitude left a very long trail. 


The Moon was shining brightly, but 
after she disappeared behind the mountains the phenomenon was fine and not to 
be forgotten. 
Mexico City, Mexico, 
Nov. 17, 1902. 


LUIS G. LEON. 


The Leonid Shower Observed in Mexico, Nov. 14. 


1902.— 
There are few spect 


icles as beautiful as those which Nature offers us in the infi- 
nite expanses of the sky. We had announced before hand that a meteoric shower 
would occur in the very early morning of the 14th inst; its radiant point to be 


the star “Zeta” of the constellation Leo. Undoubtedly many of our appreciative 
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readers following our suggestion have already enjoyed the marvelous spectacle. 

The constellation Leo was found to be very favorably situated for observa- 
tions at half past three in the morning. In that beautiful constellation shown 
forth like a magnificent star the planet Mars, which is only visible to us every 
two years. [Note, possibly referring to its revolution in its orbit in about two 
years. DeL. S.] 

The night was very beautiful and invited the lover of the beauties of the 
infinite to the contemplation of the star-decked canopy o1 the skies. At that 
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LEONID SHOWER IN Mexico Nov. 14, 1902. 

moment Sirius, whose beauties have been sung from the most remote antiquity, 

was reigning in the firmament. Close to Sirius the constellation Orion was dis- 

playing her diamonds and more to the south the star-group Navis was flaunting 
her rich jewels: its principal star ‘Canopus’ rivalled Alpha Canis Majoris in 
splendor. 

In the following note are summed up the observations of Leonids which I 
was able to make: 

4::15a.mM. White star, 4th magnitude. It moved from NE. to SW. 

4:30 ‘ White star, 5th magnitude. N.toS. 

4:40 “ White star, 5th magnitude. NE to SW. 

4:45 ‘ Very lovely white star of 1st magnitude which traversed the con- 
stellation Leo from W. to E. being a bright trail which lasted 
several seconds. 

4:46 ‘ Star as beautiful as the preceding. It crossed Leo from S. to N. and 
disappeared in the constellation of the Great Bear. 

4:47 “ Star of 4th magnitude moving W. to E. 

4:50 “ Star of 2d magnitude, S. to N. 

4:55 ‘ White star, NW. to SE.; 5th magnitude. 

5:00 “ Red star, W. to E.. 2d magnitude. 

5:10 ‘“ Beautiful reddish star in form of a small spindle which left a pro- 
longed train. 

Bis. “ White star, 5th magnitude; NW. to SE. 
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ei ™ White star which passed to E. and veryclose to Mars; 4th magnitude 

Si6 “ White star, 3d magnitude; W. to E 

§:19 “ Beautiful white star of Ist magnitude: N. toS 

5:20 * White star, 2d magnitude, passed very close to Regulus S. to N. 

5:21 “ This star was observed close to Spica of the Virgin and travelled from 
W. to E.; 3d magnitude. 

Sas * White star of 2d magnitude; travelled from S. to N 

5:25 “ White star of 3d magnitude; W. to E. 





In spite of the strong twilight a beautiful star of the Ist magnitude 
was seen crossing Leo from N. to $ 


At five in the morning the following 11 stars of the Ist magnitude were 
shining: Sirius, Canopus, Arcturus, Rigel, Capella, Procyon, Betelguese, Aldeb 
aran, Spica, Pollux and Regulus. The Zodiacal light was also very plainly 
noticeable in the east. We hope that good weather may also have favored all 
the observers in the various parts of the Republic.—Translated from Mexico 
paper, by Dr. De Lisle Stewart 

Toronto Astronomical Society.—Among the papers of interest read 
before the Toronto Astronomical Society during the autumn sessions was one by 
George E. Lumsden F. R. A. S. (past president) dealing with “Ancient Lunar 
Coast Lines.”” Lantern slides reproduced from the magnificent plates recently 
received from the Paris Observatory were thrown on the screen showing quite 
clearly what was taken to be the remains of coast lines that had probably ex 
isted at an earlier period of the Moon's history. Mr. Lumsden had shown also 
a photograph of the Moon taken during the totality of the last October eclipse 
illustrating the unusually dark appearance of the Marie at that time—resem- 
bling a dark belt across the lunar disk. The unusual darkness of this belt in 
comparison to the proportional amount of light and shade generally secn dur- 
ing totality, was marked and called for not a little discussion as to its cause at 
that particular time. |. R. COLLINS, Secretary. 

ToronTO, December 6th, 1902. 

Taylor and Puryear’s Trigonometry.—From the Athenaeum Press 
of Messrs. Ginn & Company, issued October, 1902, comes a new textbook, 
“The Elements ot Plane and Spherical Trigonometry,’ by Thomas U. Taylor of 
the University of Texas, and Charles Puryear of the Agricultural College of 
Texas. 

The noticeable feature in this’new text-book is the endeavor of the authors 
to prepare a work which shall give the essentials of trigonometry, in a form 
adapted to practical application, such as shall meet the wants of schools of 
technology. The authors suggest that the high schools may use this text by 
omitting certain sections and chapters which are marked by a star 

The two branches of trigonometry, plane and spherical, cover 160 pages of 
clear type in two sizes, followed by 67 pages of tables with large type figures, 
and catch numbers in heavy face for quick reference. The logarithms of numbers 
extend to 1000, and at the top and bottom of each page, in very large, heavy 
face type are numbers that index each page. The tables of logarithmic functions 
are arranged in the same general plan, and are very convenient in form. Two 
unusual features are here noticed. The characteristic of the logarithm is placed 
at the top and bottom of the column of figures to which it belongs and a heavy 
line is placed between the figures when a change becomes necessary. This mark 


ing is so plain that the eye catches it as soon as it falls on the page. The logar 
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ithms are all five-place figures. The tables give the logarithms of numbers, trig- 
onometric functions of sin, cosine, tangent and cotangent, those of these func- 
tions near 0 and 90°, also of these functions in natural values. 

The body of the text fulfills the purpose of the authors to give essentials 
only. and these seem to be well chosen. The examples with illustrat’ ve methods 
are ample and results are not always given that the pupil may apply check form- 
ulz. 

The book is in the line of latest phases of needs in text-books, brevity, prac- 
tical ends and uses and methods of modern works in mathematics. 


PUBLISHER’S NOTICES. 


Contributors are asked to prepare copy caretully, and write all proper 
names very plainly. If other language than the English is rsed to any consider- 
able extent it should be type-written. Manuscript to be r_:urned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 
promptly as this publication will not be continued beyond the time for which it 
has been ordered. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Reprints of articles for authors, when desited, will be furnished in titled 
paper covers at smallcost. Persons wanting reprints should always notify the 
publisher when the copy is sent or the proof returned. They cannot be 
furnished later without incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. Price per vol- 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 

Wm. W. Payne, 
Northfield, Minn., U. S. A. 











